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Ukited States EKonrBBB Office, 

DdroU, Jftdi., Oeloben 17, 1881. 

Gbnbbal : I have the honor to traiismit to-day^ by registered mail, the 
manuscript of my translation of tlie hydranlie work entitled '^Ueber 
die Wasserabnahme in den Qnellen, Uttssen nnd Str5men bei gleiohseit- 
iger Steigerung der Hochwftsser in den Onltorli&nderD/' (On the decrease 
of water in springs, rivefs, and streams contemporaneonsly with an in- 
crease in height of floods in onltivated oonntries,) by Gustav Wez, im> 
perial and royal ministerial oonnsellor and chief engineer of the improve- 
ment of the Dannbe at Vienna. 

Tliis work is known as the first troatise of the author on this subject. 
Since its publication in 1873, he has been knighted. I translated his 
second treatise last year at your request, and it was published at the 
Oovemm^t Printing Office. A copy of this translation came into the 
hands of Sir Gustay Wex, wheroupon he wrote me a very kind and 
courteous letter of thanks for the trouble which* the translation caused 
me, and at the same time expressed his high appieciatioii of the honor 
which had been conferred on him by our GoTcrnment in publishing the 
translation. At the same time be sent me a copy of hi^ first treatise. 
I was informed by you that if I would translate this also, my translation 
would be published. 

This work is especially important, since it not only completes the 
Ibrmer translation, but contains very interesting information concerning 
the improvement of the Elbe River, which I doubt if many engineers 
have heretofore been able to obtain. 

Yeiy respectfully, your obedient servant, 

O. Weitzel, 

Md^or of Engineers, 

Brig. Gen. IT. G. Wright, 

Chief of Engineers, U» 8» A. Washingtonf D» C, 

[INDOB8VMSMT.] 

Office of the (.iiief of Enginebbs, 
Uniibd States Army, 

Ocfohvr '2A,\^Sl. 

Respectfully .siibfnittorl to the Honorable the Secretary of War, reeoin 
mending that the translation be i)rinted at the Government Printing 
OMce, and that 500 copies be farnished on reciuisition from this Office. 

H, G. Wkight, 

Chief of IJttffineers, 
Brig, BvU Maj» Gen, 

Approved : 
By order of Jibe Secretary of War. 

John T\vei:dale, 

Acting Chief Clerk* 

OOTOBEB 25, 1881. 
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INTHOOUCTION. 



1 

It is aniTersally known that oar earth passed through powerfal revo- 
IntioDs and transformations daring its earlier periods, and there can be 
no doubt that, even at present, important changes are taking place on 
its surface. These are, however, no longer on so grand a scale nor so 
powerful, and even if they are constant, mostly take place so gradually 
that they are scarcely perceptible to the living generation, and can 
generally only be observed and established by observers who are sap- 
plied "with scientific means of assistance. 

A combination of kindred observations, a comparison of observations 
and plotting of the stages of rivers during periods of many years, and 
the results of thorough study which I made upon this subject, furnished 
me with many proofls of the continaed decrease in the discharge of springs 
as wdl as intiie creeks, rivers, and streams in the greater part of Europe, 
in those countries which have beenoaltivate^ during ^e historic period, 
and particularly those which are now or have been recently under cul- 
tivation- 
It must be clear to all that such a continual decrease in the water 
sui)])ly must be considered as a very important hydrographic change of 
the earth surface. 

If it is const^intly kept before our eyes that neither vegetable nor 
animal life can exist without gathorinpc water from its immediate neigh- 
borhood ; that the richest lands owe their wealtli and consfqiient abil- 
iiy to sustain a numerous population to this benevolent element, and that 
man, among all living beings, consumes the mostfiresh water in aU possible 
forms and employs itfor i&e greatest variety of purposes, it will be seen 
at once that the question here is not to discuss a phenomenon which is 
alone interesting to a friend of natural sciences, but to establish a fact of 
the highest practical importance. It concerns furthermore the inves- 
tigation of the causes and effects of an evil which, if it gains the upper 
hand, will place in <][uestion the existence of fhture generations in the 
most tiiiek]^ settled aiid richest in cultivation of all the abodes of man. 
The once rank and fruitful lands of Persia, Palestine, Greece, Sicily, 
and Spain, which are already partially arid and waste, bring before our 
eyes the saddest illustration of this. 

If this continual decrease of the quantity of water which is poured 
upon and flows on the surface of the earth, and which has been estab- 
lished as a fact by us, were the result of natural forces at work in an 
unknown manner, there would remain nothing but to allow blind fate 
to reign and to consign future generations to their inevitable doom. 
This is, however, fortunately not the case. I believe that 1 may posi- 
tively assert, as the result of my investigations, that the above-men- 
tioned phenomenon in cultivated countries is mainly if not entirely due 
to events which are recorded in the history of culture. These are the 
etiects of tlie works of man on the aspect of that portion of the earth's 
surface inhabited by him which, although apparently (juite trivial, must 
not be underrated. I refer i)articularly to the selfish and thoughtless 
manner of reaping the products of the soil and the improper change in 
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the form of the surfjice which has thus been robbed. It is therefore 
possible to prevent, or at least to prolong, the threatening calamity 
through an incalculable period of time by a rational effort and by a 
nnanimonsy tixeless refiistanoe on a suitably great seale. 

It is the duty of living generatioiiSy after being oonvinced of the 
presence of this evil and the possibility of its cure, to take hold of this 
work and mark out the path for its improvement for the next genera- 
tion. I can assume this to be the opinion of every one who recognizes 
in himself a member of the human family j who does not wish to repay 
with base selfishness toward his sacoessors the great mnltitnde of 
good things for whi( h his gratitude is due to his ancestors, and one who 
is fully impressed with the truth of the maxim that states are instituted 
and created to secure the welfare of the whole of its members for all 
time. 

This treatise is therefore particularly addressed to the higher govern- 
ments, and particularly to those branches of them to which are intrusted 
' the care of the national economical interests of its inhabitants. For it 

lies in their province, and it is their duty, to cause such measures to be 
adopted and placed into exeention as the magnitude of the danger 
requires. They alone can undertake the work with prospect of success 
by keeping the distant end steadily in view, and by means of the power 
of the government pressing measures vigorously, which should be of 
sufficient magnitude and harmonize clashing private interests. 

I feel too that I should, before all, submit these results of my studies 
to the examination and criticism of my esteemed colleagues and gen- 
s erally to all friends of the natural sciences. For my single note of 
wamine would be like a voice in the desert if the fiusts and conclusions 
which led to this phenomenon were not thoroughly examined and 
found correct by competent authorities from as many diflTerent places as 
possible, and these did not warmly recommend to their higher govern- 
ments the execution of the measures and means which are recommended 
to prevent the continuance of the eviL 

I desire particularly a thorough criticism of this treatise by my 
esteemed colleagues, for the reason that engineers particularly- come 
more into contact with large owners of land and forests, large manu- 
facturers, and generally with persons who devote, in their own interest, 
a greater attention to national economical questions like this, and have 
more occasion and are better qualified to judge of them. This is par- 
ticularly true of hydraulic engineers, who are so situated that they can 
give my theory practical effect by giving dae consideration in their 
projects for and execution of river improvements, aqueducts, and other 
hydraulic works, to the (continued decrease in the discharge of flowing 
water. If they do not, their works will after a few decades no longer 
be suitable for tiie purpose for which they were built, or will be consid* 
ered as failures, as I will show to have been the case in several large 
hydraulic constructions. 

In this treatise I have presented the proofs of the decrease in the 
height of stages and discharge of streams in such a detailed and 
variegated manner for the only reason that, in verbal and written con- 
jfierences on this subject with colleagues and several naturalists, I have 
found several who oppose the conclusions which I have drawn &om my 
researches. I therefore found myself induced, in this treatise, to men- 
tion and combat the objections and counter-arguments of these oppo- 
nents. 

In conclusion, I take the liberty of remarking that I ought really, as 
bearing upon the natural formation and flow of waters, at first produce 
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proofs of the decrease in the supply of water flowing from springs. 
There have up to the present time, however, been onTj'^ a few reliable 
measurements made of tlie discharge of springs, and no reliable conclu- 
sions could be drawn relative to the conditions of discharge of the springs 
vbich namber miUions, even if Ibese measnrenients had been made at 
bnndieds of tbem. I will therefore furnish the data relative to the con« 
ditions of discharge of the larjrer streams of Europe, and from these can 
be deduced the discharge of the springs in their basins as a whole and 
in a reliable uiauuer. 



I. DBGtt&ASB IN THB HEIGHT OF STAaSS IN BTVBBS AND STREAMS 
AND THE RESTTLTING DEOBEASE IN THEIB DISCHABGB. 

"While engafjeil in ineparinj^ projects for the iuiprovement of several 
of the larger rivers and streams situated in nearly all the crown lauds 
of the monarchy, to which duty I was assigned by the Imperial and 
Boyal Austrian Governmeut, I first studied the relative discharges of 
these rivers, and found in almost every case a considerable decrease in 
the hei*,dits of the stages ol" these water-courses li'om those that had 
been observed many years ago. 

This fbct had already been observed by several natnrallsts, and they 
bad based the opinion on it that tiie discharge of many rivers andv 
streams seemed to decrease. The correctness of this opinion was, how- 
ever, doubted and combated by many other natnrulists, and ])articularly 
by several hydraulic engineers. 1 will therefore lirst enumerate the 
views of the latter, and afterwards oppose them by tabulated observa- 
tions taken on the chief streams of central Europe daring periods of 
many years. 

Mr. nagen, the royal Prussian chief privy counsellor and chief 
director of public works, in the third edition of his hand book on 
hydraulic art, published in 1871^ doubts the correctness of the gauge- 
readings heretofore made on rivers and streams, and the oonclnsions 
drawn therefrom relative to the decrease in theur discharge, and bases 
his opinion to the contrary' on the recorded gauge-readings taken oil 
the Khine at Diisseldorf since 1800, a period therefore of 71 years. 

i\Ir. Hagen calculated the arithmetical mean of the daily gauge-read- 
ings for eaeh year, that is, the mean annual gauge-reading, and plotted 
those (but unfortunately on a very sntaU scale) together with the highest 
and lowest gauge-readings of the year, from which he asserts that it 
follows that a considerable decrease in discharf^e has not taken place. 

On account t)l the great importance of the question, Mr. llagen sub- 
jected these gauge-rMdings to a calculation by the method of least 
squares, and found that during tiie period of observation on the Bhiuo 
at Diisseldorf, of 71 years, the equally inclined average lines sonj^ht for 
by Mr. Ha^^en show a dei3ressiou of li.O lines for floods; 1.0 lines for the 
mean stages, and an elevation of those for low water of 0,2 lines annually. 
But Mr. Hagen himself attaches no value to this, since the possible error 
of these results anu)unt to 2.2, 0.9, and 0.7 lines, respectively. 

Mr. Ilaj2:en further says that it may be supposed that in the course of 
time a decrease in the height of floods and mean stages have occurred, 
and for the reason that the improvements of the rivers which have been 
made in late years have prevented the formation of ice-gorges and ac- 
celerated the discharge of floods, and that this explains the small annual 
decrease in the height of mean stages. 
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After IMr. Hagen had also declared that the large decrease ia the 
heiglit of water stages and in the discharge of the Weser, which several 
hydraulic engineers had stated as a fact from a comparison of the gauge- 
readings at Minden and Stdiltisselburg, was improbable, he arrives at 
the following concdusion, viz: 

So far as tlie observations wliit^h have been ttiade admit of the formation of any opinion, 
the result does not sliow any general decrease in the discharge of the Weser or the Rljiiie. 

Although this opinion, whicli Mr. Hagen expresses from the readings 
of these gauges on two streams, against the decrease in their discharge 
is quite reserved, yet most hydraulic engineers have come to the same 
condnsion in regard to other streams, because they did not have the 
gange-readings taken during many years at their command and thus 
were unable to coin])are them, and then again because they consider 
Mr. llageu an infallible authority. 

Mr. Maass, royal Prassian inspector of hydraulic works, published 
the gauge-readings at Magdeburg, on the Elbe, for the period of 143 
years, from 1727 to 1869, together w ith a plot thereof, in the Joomal of 
Architecture by Erbkam, ISTO, and thereby furnislitMl the proof that 
diuiug that i)eriod the arithmetical meau of the Elbe decreased for. — 

Floods , ^1 6.64 

T^owest Staines 2 11.27 

And mean annual stages •••••• 3 0.83 

Mr. Maass does not consider that this decrease in iho hoiiiltt of the 
stages or water-surface is the result of a decrease in t lie disc-lini ge of the 
streams, but that it is due to the improvement of the river and the con- 
sequent deepenin g of its bed and increase of vdooity. Mr. MaabS silences 
the apprehensions which have been created by the sinking of the water 
surface, and which became so plainly visible, by stating that a further 
sinking in the same ratio ueed not to be feared, as no further works of 
improvement wouhl be executed on the Elbe. 

As these obervations and \ iews of Messrs. Hagen and Maass are con- 
trary to the observations which I have made, and the views which I 
have formed during an experience of forty years on many rivers, 1 re- 
solved to tal)ul;ite the data and observntions taken on several rivers and 
streams which are necessary in discussing this important question, in 
order to obtain in this manner perfectly rehable figures, and without 
which I could not venture successfully to antagonize the views of Mr. 
Hagen^ who in all questions relating to hydraulics is the acknowledged 
ant^onty throughout Germany. 

In prosecuting my researches on this subject I came across that excel- 
lent work "Allgemeine Lander und y<31kerkunde von Dr. Heinrich J ierg- 
haus, zweiter Baud, Umriase der ilydrographie vom Jahre 1837,"* and 
I found in this as well as in the work from the same author, but pub- 
lished by J. Perthes, entitled f Hydn>>liistorisben Uebersichteu der 
deutschen Strome vom Jahre 1838," quite valuable material on the 
hydraulic conditions and ice-tiows of streams already grouped. This 
distinguished hydrographer, INIr. Berghaus, eom}>nre(l the highest and 
lowest and the annual meau of gauge-readings and plotted some of them, 
which were taken at Bmmerioh (at the Duteh fix>ntier) on the Bhine 
during the period of C6 years from 1770 to 1835 j at Cologne during that 
of o4 years from 1782 to 1835; Magdeburg (m the Elbe during that of 10 
years from 1728 to 1835; and at Kiistrin on the Oder that of 58 

* General Knowledge of Countries and People, eecond volume : Oatllne of Hjdrograpbj, 

1837 a 

tBjdro-historical review of German Btreuns, 
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years from 1778 to 1835. He then depicts in so detailed and thorough 
manD6r, as is not done in any other work on li.vdraulics, all tlie pheno- 
mona which result from tliesi; readin^^s and which relate to tlie a<jtiial 
couditiou ol the stages of water in the various mouths and years; the 
advent of iceHows and floods, and finally the effect of atmospheric pre- 
cipitataona on the discharge of streams. 

In t^is work Berghaus. has at the same time pointed out the manner 
in which gauf^e-readings on rivers and streams should be pfronped 
and compared in order to obtain a clear j)reseutation of the hydraulic 
phenomena or life of a stream, and in order that correct conclusions 
may be drawn therefrom relative to its discharge and the changes 
therein. 

I will now point out the chief results which are obtained from the 
very detailed and highly interesting data furnished by Berghaus. 

On Sheet 1 I hav«' plotted the observed hij^hest and low<*st and the 
calculated annual mean of gauge- readings taken during the period from 
1770 to 1835, as given in the tables contained in Dr. H. Berghaus' 
hydrographic work. From tliis it will bo seen that the water (luring 
individual years falls (pnte irregularly, rises and then falls a.uaiu, and 
that therefore it is v<»rv ditticult to calculate reliably an equally inclined 
line to represent the fall or rise of the mean heights during a long period, 
as Mr. Hagen himself admits. I therefore consider the method which 
Mr. Berghaus has adopted, of comparing the arithmetical mean of the 
readings duriug two long periods of time with each other in order to 
ascertain if the staircs of the river have increased or diminished in 
heijiht as the most reliable and sin)])lest. If now the period of observa- 
tion of 60 years is divided into two periods of 3^ years, ( from 1770 to 
1802 and 1803 to 1835,) and we calculate the mean of the guage readings 
of these periods, we will find that the mean height of floods during the 
latter period has increased 10 lines: the annual mean has decreased 1 
foot T) inches, and the lowest stages iiad decreased 1 foot 2 inches from 
those of the It irnu'r period between 1770 and 1S02. 

Since the arithmetical mean of the guage readings during the first 
period^ from 1770 to 1802, were only taken for the sake of comparison 
and without regard to whether during these .'53 years an increase or 
decrease ha<l already been taking place, it is clear that the above figures 
only give the decrease in the mean and lowest stages during the several 
periods of 33 years, that is, for one half the period of observation. 

The latter must be borne in mind in future in comxjariug the gauge- 
readings of several periods. 

T f a uain we divide the period of observations from 1 782 to 1835, during 
which gauge readings were taken at Coloirint on the Khine, and which are 
given in the tables at the end of TU rgliaus' book, into two periods of 
27 years each, and calculate the means, we will find that from 1809 to 
1835 the mean of flood stages has increased 1^ inches; the mean of 
annual stages has decreased ^ inches; and the mean of the lowest 
stages 7^ inches compared with the former period fh>m 1782 to 1808. 

From this it will lie seen that the two chief gauge stations on the 
Rhine, that is, at Emmerich duiing the period of GO years from 1770 to 
1835, and at Cologne during the period of 54 years from 1762 to 1835^ 
show that a decrease which is not inconsiderable has taken place in the 
annual mean and mean of lowest stages, and a slight increase in the 
mean of flood stages in the older from the later half of the periods. 

Since no works of inii>rovement had been undertaken on the Rhine 
between 1770 and Js;>r» wliich could have caused at Cologne and Emme- 
rich a deepening of the bed or an increase in the velocity of the current 
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and a conseqnont clojnvssion of tlic water surface, the decrease in tbe 
beifj;lit of tke auuual mean and luw-water stajjes durinjj tbe later periods 
cau only be explained by a decrease in tbe discbarge of tbe Kbiue, and, 
on the oiket hand, a slight increase in- the mean of flood stages must 
be ascribed to higher and more frequent rises. 

The circumstance that tbe decrease in the height of the low and 
annual mean sta^^es of the Rhine is less than that of other streams is 
explained by Jierjilians as being tbe result of the Rhine being largely 
fed by tbe never-failmg springs created by tbe masses of ice and snow 
in the Alps. I deem it proper that I should add to this the remark that 
the Lake of Constance, \\ bich collects tbe floods of the upper Bhine and 
permits them to tlow otf only gradually, regulates the conditions of 
discbarge of tbe lower part of this stream to a considerable extent, and 
that therefore tbe decrease of discbarge at tbe lower and mean stages 
can only show itself in a diminished degree. 

Mr. Berghaus explained the circumstance that the decrease in the low 
and mean stages at Emmerich are greater than at Cologne by the fact 
that between Cologne and Emmerich the Rhine receives the tributaries 
Wupper, Ruhr, Emtscbe, and Lippe, and these furnish a more irregular 
supply of water. 

l^ow let us subject the plot of the gauge readings at Diisseldorf on 
the Rhine, (that is, between Cologne and Emmerich,) taken during the 
period from 1800 to 1871, as published by Mr. Hagen, to a thorough 

examination. 

Mr. TIagen found, according to bis method, that tbe annual nu'au of 
the readings at Diisseldorf decreased on an average 1.6 Hues per year, 
which would amount in fifty years to a decrease of nearly 7 inches. 

Since, according to the tables of gauge-readings given by Berghaus, 
the decrease in the annual means for a period of 50 years would amount 
at Emmerich to 25| inches, and at Cologne to 8J inches, it will bo seen 
that the decrease in annual means, determined by Mr. Hagen by calcu- 
lation at Diisseldorf as nearly 7 inches, very nearly agrees with that 
determined at Oologne, although in a different period. This decrease 
is therefore a &ct and not an error of calculation, as Mr. Hagen has said 
it probably is. 

' Although according to tbe older tables of gauge-readings furnished 
by Berghaus, that is, between 1770 and l.s;^r>, there was an increase in tbe 
height of floods of from 10 to 18 lines, the decrease in the same cal- 
culated by Mr. Hagen to be on an ayerage 2.9 lines per annum or 12 
inches, 7 lines for 50 years would still be possible, because the velocity of 
discharge of the Khine has been considerably accelerated since IS.U) by 
tbe works of improvement which have been made between Basle and 
Mannheim. 

The extremely slight ineroase in the height of low water at Diisseldorf, 
found by Mr. H^^en to average one-fifth of a line per annum, or only 10 
lines per 50 years, is clearly explained by the circumstance that tbe bed 
has been somewhat narrowed there during past decades, and that in 
consequence of the cut-ofls nuide in the Rhine imi)rovements above 
Mannheim, sand and line gravel were unavoidably carried into tbe lower 
river, and that thereby the bed at Diisseldorf was slightly filled and 
raised, as I w ill hereafter show was the case in the middle and lower 
Elbe in a still great(!r degree. 

Tt will be seen from the foregoing bow erroneous the conclusions of 
Mr. llagen are that tbe observations which have generally been made 
on tbe Khine do not warrant the belief that its discharge has decreased. 
If the other table of gauge-readings at JSmmerich and Cologne, published 
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hv l'( i frlians, had been known to Mr. TIagen, and if lie bad more cor- 
rectly compared those taken at Diisseldorf diiriug a period of 71 years, 
he would have been convinced to tlie contrary. 

In order to learn tlie conditions of discliar^e of theBliine aboye Diis- 
seldorf and Cologne, I turned for information on this subject to that 
distin^ruislied hydraiilicM'ngineer, Grebenau,* royal I^avarian inspector 
of iiulilic works at (lennersheim, who had been acquainied with the 
works of improvement on the lihine during many years. I received 
from him accurate gauge-readings at Sonderbdm, taken daring a i)eriod 
of 28 years, from 1840 to 1867, as well as a statement of the annual dis- 
charge of the Khine taken at the cut oft" at Germersheim. Mr. Greb- 
eiian obtained these as accurately as ])0ssible by the exercise of great 
circumspection and professional knowledge, and after taking a great 
deal of pains and time, not only in making numerous direct measure- 
ments of the cross-section of the bed of the stream and velocity of dis- 
charge, but also by means of calculations made according to the newest 
formula' and co-efticients (U'tcrniiiUMl by experiments. 

If the arithmetical mean of the animal gauge-readings and annual 
discharge for the two periods of 14 years, into which the period of ob- 
servation may be divided, is obtained from the plot on Sheet 2, it will 
be found that daring the last half period the annaalmeanof gaage- 
readings has <lecreased 17^ inches, and the annaal discharge aboat 
7,227 cubic feet ])er second. 

But it must be admitted that by far the greater part of this decrease 
in the annual mean isdne to the depression of the water-snrfkce, caased 
by the deepening of the bed of the stream, which was effected by means 
of the cat-ofis which were made in that vicinity for the iihine improve- 
ment. 

And althongh we cannot be positively assured that the measurements 
and calcolations made by Mr. Grebenan to determine this discharge 
daring a period of 28 years are absolntely accurate and correct, and 
cannot deny that the gradual sinking of the bed produced by the river 
improvement had a great influence in decreasing the gauge readings, 
yet being obtained by the same method, these figures giving the dis- 
charge must be nearly relatively correct, and we are fully justified by 
them in drawing the oondasion that at Germersheim also the discharge 
of the Bhine has decreased. 

Then there is the striking phenomena that this beautifully iujproved, 
fairly canalized Khine, between Mannheim and Basle, is no longer suit- 
able as a water route in consequence of the numerous gravel bars formed 
near the concave banks, and which aie continoaHy moving down stream : 
of the continaed, sharp, serpentining or winding of the channel, ana 
the shallow crossings from one concave liend to the other. This can 
only be explained by the circumstance that the normal width of the im- 
proved stream was taken too great at the begiuuiiig, and that therefore 
the stream, in conseqnence of l!he decrease in its disdiarge, has no 
longer the power to move tlie gravel bars entirely and rapidly, bat only 
sufficient to force them into the concave bends. 

These results, obtained from observing four gauges on the liliine, seem 
to me to be amply suthcieiit to corroborate my assertion iu regard to 
this steam, and I therefore pass on to the data collected for other 
streams of Central Enrope. 

*Mr. OrebeiiM, wbo translated from EngHsTi into German tliat great work of Humphreys 

and Abbot, entitled "Theory on tlie flow of Water in vsirioiis Riwrfi :iiu! rannls," and added 
to it some water measurements of bis own, Vfa», in recojeuitiun of his proniiueiit knowledge of 
faydnnlies, appointed director of bjdraaB^ works at StvMibwg in 1871 bj the Emperor of 
Germany. 
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THB RLBR* 

Mr. Berghaus in his above-mentioned works has published tables of 

gauge-readings taken at Magdeburg, on the Elbe, from 1728 to 1835, 
and calciiliited from these the tables below. This table includes the 
full century from 1731 to 1830, and I invite special attention here to the 
last column. It will be seeu from this that the mean monthly gauge- 
readings taken from 1781 to 1890 have decreased from 15.56 inches to 
26.79 inches, and the annual mean 21.39 inches, from those taken during 
the half centniy from 1731 to 1780. 

Table ofdeerea$e in the taater ttaget of tki Elbe at Magdeburg for teparatt moniht. 



Montiu. 



Meu ftafe daring 



Fint half SeooDd hftlf 
oentiirr.from ' century, from 
1731 to 1780. 1781 to 1830. 



jHTMI.irV _ 

February 
Maroh 



Aprfl. 

Jane« 
July. 



Se[it>>nilier 

Octol.er 

N- v.-rnluT 

I>ec«inb«r 



Animal mtrnxx 



Ff. 
[1 

V) 
11 
11 

y 

K 
H 

7 
7 
7 

8 
9 



I'l. 

K. I'M 
i'k >'sl 

tl. 59 
4.47 

y. 19 
7. :v> 

f..71 

10. w 
7.02 

10. 91 
2. 09 
6. lU 



9 8.18 



Fl. 
7 
8 

10 

10 

s 
f, 
G 
{) 
5 
G 
6 
7 



m. 

nil 

ll."i:{ 
'J 7 '.I 

0. 1 '.7 

0. I IS 

11 

4 nr, 
0. 11 
10.78 
o. tvt 

2.21 



l">frr>'.1f»0 ..f 

6tRKe« ill the 
Bi-v ori'i lialf 
of the 
oeatntF. . 



7 5.n 



Ft. 

1 
1 
1 
1 
1 



•II. 

0..M 

0.98 

a. so 

9.U 

1 10. -21 

2 i.on 

1 10.72 
1 8. 21 
1 10.27 

1 Il.tlu 

2 2. S'J 



1 9.48 



In regard to the objection which might he made that the discharge of 
a stream is not in proportion to the gauge-readings, because in course 
of time changes take place in its bed. Dr. Berghaus remarks that in 
the lower Elbe, except in a few stretches, a raising of tiie bed has gen- 
erally taken place. This being tlie case, if the discharge remained the 
same, a raising of the water surface or increase in the annual mean of 
gange-readings shonldresnlt, whereas, according to the preceding table, 
there has been a notable decrease. 

Dr. Berghaus also publishes in his hydrography the tables of gauge- 
readings taken at Kiistrin on the Oder between 1778 and 18,'ir), from 
which it results that if we divide the whole period of observations of 
58 years into two half periods of 29 years and calculate the mean stages, 
that the mean of floods has decreased 9.4 inches; of lowest stages 9 fb. 
9^ inches, and the annual mean 10.55 inches in the last half period, as 
compared with the lirst. 

After giving the results obtained from the tables of gau^'c readings 
taken on the Elbe and Oder the most mature deliberation, Dr. Berg- 
hans was eonylneed that the discharge of both of those streams had 
diminished considerably, and he expressed his apprehension that both 
of those German rivers would disappear from the list of navigable 
streams if their discharge continued to decrease at the same rate as has 
been established for the jieriod since 1781. 

In order to obtain a clear conception of the relative water stages of 
the Elbe at Magdeburg between 1782 and a very recent period, and 
also to ascertain if the api»rehension8 expressed by Dr. Berghaus were 
being fulfillecl, I have added to the tables furnished by him those of 
gauge-readings taken by Mr. Maass, inspector of hydraulic works, Irom 
1836 to 18GU) and have plotted on iSheet 3 the highest and lowest read- 
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ings, as well as the mean of each year. I also divided the wliole period 
of 142 years into three, the lirst two each of 50 years, aud the third of 
42 years, calculated the arithmetical mean of the readings for each of 
them, and represented them on the same plot. 

The following very inter(>stinir ]>l)<'nomena in the relations of dis- 
charge of the Elbe at ^Magdeburg (luring this period of observation of 
142 years are apparent from this plot and the calculated mean of water 
Stages. 

1. During the first period of time, from 1728 to 1777, the height of 
floods differed but little in the different years, aud the highest only 
twice went up +17' 7.05" and -|-17' 9.2". 

During the second period, fiom 1778 to 1827, the difference in the 
height of floods in diflferent years already became greater. They went 
up ten times to between -f 17' lAKt" and -|-18' 5.70", and yet the annual 
mean of these floods was 12.45 inches less than that of the preceding 
period. 

During the third period, from 181*8 to 1800, the dilferenee in the 
height of floods in difliidreut years became still greater; the latter, 
although the period was eight years shorter than the preceding, went 
up to from +17' 7^" to +18' 8" at ten different times, and tlic arith- 
metical mean of all the flood heights was 3]^ inches greater than that of 
the preceding period. 

2. It appears from this that in the last two periods floods occurred in 
the Elbe oftoner and rose higher than during the first period. From 
this the conchision can be drawn that in the latter two periods there 
was a greater discliarge of the I^lbc at high stages during some years. 
This clearly results from the circumstances that the waters wliicli fall 
during heavy rain-storms flow ott" more rapidly from the barren mountain 
sides, and fill up the bed of the stream oftener and to a higher point 
than was the case during the first period. 

3. 1 he lowest water stages of the separate 3*ears went dowo, and as 



follows, viz: 

In \hv firfit period to.-......................,,...,...,,..,,..,,... +3 8 

lu th« Becuiid period to...... +^ ^ 

In the third period to +1 5.65 



and the mean of the lowest stages was 19.71 inches lower during the 
. second than the first period, and 10.37 inches lower during the third 
than the second, and consequently 30.08 inches lower during the third 

than the first. 

From this will be seen that the lowest stages of the Elbe now occur 
much oftener and sink considerably decider than in the last century, 
and this establishes the &ct that here a consldei^ble sinking of tiie 
water sorfoce of this stream has taken place. 

4. The greater difi'erenoes between the lowest and highest stages 
amounted as follows, viz: 

Ret. Inekn. 

During the firat period 14 1.66 

During tht" seooiid period.....,,,...,,.,.... ,•••«».•,«..„■,,,,..,,. 16 6.96 

During the third period 17 9.73 

These increasing differences in the stages are the result of a deeper 
sinking of the lower stages aud a higher rising of the tloods. 

5. The arithmetical means of the annual gauge-reading was 17.7(> 
inches lower for the second i>eriod than the first: 14.63 inches lower 
for the third than the second: and consequently 32.39 inches lower for 
the third than the first period. 
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It is a fact tliat at higher stages the cross-section of discliarge, as 
well as the mean velocity of the current, increases considerably, while 
at low stages both decrease in a uotable degree, and that therefore a 
foot in the rise of high stages represents quite a different quantity of 
di&oharge than a foot in fall of the low stages. 

Nevertheless the means of the annual gauge-readings can be taken as 
api)roxiniately representing the relative dis(;harge of those years, be- 
cause the flood stages gen(*rally only last a few days, while the lower 
stages last much longer, and because the medium stages last during the 
greatest part of the years and have the greatest influence on the annual 
mean. 

The correctness of this opinion is confirmed by the plot on Sheet 2, of 
the annual stages and discharge of the Rhine at the Germersheim cut- 
off, since the annual (liscliarge calculated by IVIr. Orebenau, who gave 
due consideration to the increase in cross-section of discharge and mean 
velocity of the current during high and the contrary during low stages, 
agrees very nearly with the discharge due to the annual mean. 

We can therefore draw the conclusion from the decrease in Die annual 
means, as shown .above under the head of 5, that the discharge of the 
Elbe at Magdeburg was less during the second than the tirst, and again 
less during the third than the second period, and that therefore a con- 
tinual decrease in the discharge of the Elbe during the long period of 
142 years is proven.* 

Above all that has just been said, it should be stated that such thor- 
ongh observations and studies have been made of the condition, the 
relative discharge, and the navigability of the Elbe since 1842 as have 
probably never been m^e on any other river in Europe. It was agreed 
by the Elbe navigationacts, which were adopted in 1842 by the eight states 
bordering on this stream, whose representatives were assembled at Dres- 
den, that the hydraulic engineers of these eight states should frequently 
navigate and examine the river; survey all obstructions to navigation; 
observe the effects of all completed works of improvement, and suggest 
the works which were still necessary to remove existing obstructions. 

This commission on the inspection of the Elbe, composed of the most 
distinguished hydraulic engineers of the states bordering on it, while 
taking observations on it with a view to determine the conditions, the 
navigability, and the inii)rovenient of its water route, so important to 
Germany, collected very interesting data on the changes in its bod and 
its relative discharge, which are d£<»ribed in detail in their published 
proceedings submitted to their central governments. 
/ I subniit herewith only a brief extract from these proceedings of those 
fi\cts which were deduced and established which have a bearing upon 
the relative discharges of the stream. 

1. The first technical commission on the inspecti<m of the Elbe, which 
navigated and examined the streiMn between September 6 and October 
15, 1842, established the fact — first, that the low-water stage during 
August and September, 1842, was tne lowest that had ever occurred. 



* According to my calcula^on and plot, the difference of the annual means of the fint and 
second period 18 3.76 iiu hcs less than Hccording to Berghaua' calculation. This arises from 
the fact that I included the years 1726-1730 in the first period, and thus made a different sub- 
division, and that I eliminated the low gauge-readings which were aolefj dae to ice gorges, 
and sub^^titiited others furnished by Mr. MaiiH8. 

That Mr. Maass found the decrease iu the lowest and annual mean stages greater hy 4.7 
inehee to 5.93 inches than I did is explained hj the dramnstAnee that he sttbdiyiaed the period 
of oliserv atioit for tlie purpose of compari.«<)n info tliree periods of 23, G7, and r>3 years re- 
spectively, so that his figures apply to the period of 120 jears, the total of the last two, while 
mine apply to one of 92 years only. 



Digitized by Google 



15 



This was apparent not only from the tables of the readings of th»' vari- 
ous granges on the Elbe, but i)articularly from marks and figures which 
liad been cut into the rocks in the river to indicate the lowest stages 
which had ooonmd. 

These marks were first found on the three large rocks at Tetschen, 
with the dates 1616, 1710, 17r»(;, 1782, 1790, ISOO, and 1835. The low- 
water marks of these years were all from 4.<H) inches to 8.85 inches 
higher than that of 1842. Low waters are marked ou the large flat rock 
in the bed of the stream at Pirna for the years 1616, 1706, 1707, 1746, 
1834, and 1835, and all of these are from 5.21 inches to 11.46 inches 
higher than the one of 1842. On the rocks lying in the bed at Strehla, 
also, the lowest water stages are marked for i718, 1746,1790, 1800,1834, 
and 1835, and these are higher than that of 1842. 

2. The members of this commission then agreed upon the following, 
viz: N 

It having been asoertained, from the table of gaiige-readinge taken between 1611 and 1842, 
that the lowest Btatre of the yeare 1811 and 1835, which were distinguished on aconnnt <>f their 
extraordinary drought, are nevertheless 6.25 inches higher than that ul' lS4'i, and tliat all the 
marks which wer« fonnd to indicate prariooa extraordinarj low stages, are universally higher, 
that a line of reference (that is, comparative water-Hurface line) from which the depths oi the 
water to be obtained shall be compared, shall be adopted which shall indicate a stage 6.83 
iaobes higher than the lowest of 1842. 

This commission also recommended to the states that the depth in 
the npper and middle Elbe should be so improved by suita1)le works 
that at the assumed lowest stage, 0,25 iuches higlier than the lowest 
stage of 184li, it should be sutlicient for navigation by half-laden vessels 
of the size at that time in use. These drew ahoat 32.93 inches. The 
required depth was therefore ahont 37 inches. 

Both of these recommendations were adoT)ted by the states, and 
arrangements were made to build works of iuiprovement on the Elbe 
throughout its whole length which would at ordinary low stages give 
the least normal depth of 37 inches. 

9, At the subsequent examinations of the stream in 1858 and 1869,* 
the hydraulie enf^ineers were surprised to find that the longitudinal 
profile of tlic Elbe had chauf^ed considerably in the relatively short 
l>eriod of tiiiK' since 1842, The lowest sta};es wlii< li occurred duriu«? this 
period were iu August aud November, 1857, and September, 1801). In 
the upper Elbe, that is, in the kingdoms of Bohemia and Saxony to be- 
low Dresden, these were 6.98 inches lower than that of 1842, the lowest 
previously known, but in the middle Elbe they were T.'U inclies, and in 
the lower river 10.03 inches hif(her. This can be seen from the plot of 
gauge-readiugs tiiken on the Elbe and shown on Sheet 1. 

The Austrian and Saxon commissioners proved in detail and conclu- 
sively, in the opinion expressed by them in the proceedings of 1858, 
that the sinkiufj of the low water of 18.57 below that of 1812 could not 
be ascribed to a j^eneral deepening of the bed in that jiart of the stream, 
because the latter was confined at several places between rocky con- 
tours; was established by the numerous mill-dams; and finally since its 
cross-section of discharge is made unchangeable at the old bridge of 
arches at Dresden b> the pavement of dimension stone with which the 
sole of its bed is covered. 

The lowest stage of 1857 at this bridge was 8.3G inches, and all the 
gauges up to Melnik were on average 6.98 inches lower tiian that of 1842. 
This can only be explained by the circumstance that the discharge of 



* The proceedings of the inspectiog commissioD in 1650 could not be examined by me, eiuce 
thej were tnifortiinately loat 
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the Elbe must have been eonsideral>ly less in Aii«,nist and September, 
1857, than it was dui in^^ the lowest stage of 184^, iu coQsequeiice of the 
great drought whicli prevailed in that year. 

Daring the low stages of 1857, while the 'discharge of the Elbe was 
less, the simultaneous readings at the fixed ganges on the middle river 
between Meissen and Torgau averaged an increase of 7.31 inches, and 
those on the lower river as far as the head of tide-water 16.93 inches 
above those of 1842. In the well-baiied opinion of the above-mentioned 
members of the commission this can only be explained by the circum- 
stance that in these portions of the river the water-surfiuie was consid- 
erably raised by locid deposits of heavy material which act like dams. 

The same conclusions ai)ply to the phenomena which were observed 
in 1809 as in 1S.")7: the low-water stage in the ui>per P^lbe was as low 
as that of 1857, and yet iu the other portious of the stream it was higher 
than that of 1842. There was a smaller discharge^ but the water-somce 
was raised in the middle and lower Elbe by the filling up of the river 
bed, and consequently the gauges there gave a higher reading than in 
1842. 

The six members of the commission of 1S69, basing theniseh es upon 
those facts, agreed unanimously that iu their opinion the longitudinal 
profile of the Elbe had changed very much since 1842, and that the bed 
of the river in its lower porti(nis had raised considerably, and that there- 
fore thv depths to be obtained slioiiM n() h)nger be determined by the 
low water of ISll*. Ixit. in consideratiiMi of the changed character of the 
longitudinal prolile, by the lowest stages observed in the separate por- 
tions of the stream. 

4. These very important data collected by the hydraulic engineers of 
these Elbe states establisli the fact that in September, 1842, the river 
was at a lower stage than it liad probably ever been during centuries, 
and that it already went lower in 18.52, 1857, and 1809 in its u[)per por- 
tion, and it is perfectly clear therefore that since 1842 there has been a 
considerable decrease in the low-water discharge of the Elbe. 

5. The correctness of these conclusions is also strengthened by the 
fact that the nornml widths of the improved river, which were deter- 
mined by an international conuuissiou upon data collected even before 
1842, and which were adopted and carried into execution, and wiiich 
were declared to be suitable for the purpose by the inspecting commis- 
sion of 1842, have been gradually narrowed. Up to 1869 this narrowing 
amounted — 

In Bohemia From 494i to 32U feet.* 

In Saxony From 4l7ihr>oG to 370f feet. 

Below the Saxon frontier From •i'.i'^l to 278 feet. 

In the Duoby of Anlinlt From 556 to 10 1^^ feet. 

Below the nioutli of the Siiale KroTii fil8 to Sf G feet. 

iV'low the mouth of the iluvel J loin 80:? to 74H feet. 

Ffoin Schnakenbiirg to Domlte , .«..«..... From 8Hr> to 803 feet. 

From Hitzacker to Uadegast From l,09d| to 8894 ^««t. 

After tiiis insjxH lion of l.s(il) (ho commission also expressed the opin- 
ion thiit ill carrying out liirtber works of improvement it seemed advis- 
able to decrease the normal widths still more, since they found in many 
improved portions of the stream large sand-bars, which caused trouble- 
some bends in the channel and seemed to indicate that the width taken 
was too great. 

*A "Rheiiiiiitidische ruthe" ie equal to two " klat'ter." A "klailer" (or fathom) is taken 
at 6.178 English feet. 
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Siuce the upriual widths tor the improved Elbe which were adopted 
at the beginning of the work, and whioli suited the conditions of its dis- 
chaise during a long period of years, have lately been shown to be too 

large, and their decrease has become imperatively necessary, the con- 
clusion is fully justified that the discbarge of this river at medium stages 
is less than it was before 1842, and tliat there hius been a general de- 
crease or lessening in its water consumption. 

6; The hydraulic engineers comprising the first commission of 1842 
held the following opinion concerning the capacity of the river, viz: 

That, altlioiiirli \v«.> have no matf^rial on liaml to t'luiMf us t') treat this snliji-rt in an ex- 
haustive uitiuuer by the eompariMin of tigutei!, ^'«t it b proper tu state tlmt a markfd recent 
decrease in the discharge of the stream is not indicated by experience or observation. But 

wi' rtTotrnize the fact that the cleariiij< of tor«^sts, cullivatiun of inarsin's, ;ui(l irrigation of 
lands an- ablf to produce ;i iicirked dt'cr»'a!<t» in tlie (piautity of watrr in the s^lreaiii. 

As it is >4en<*rally Iviiown that l>etw«*en 1842 and 1SG9 many forests 
have been cleared, extensive marshes cultivated, and irrigation of mea- 
dows carried out on an extensive scale in the ralley of the Elbe, it fol- 
io ws naturally that a marked decrease in its discharge has taken place, 
ju8t as the commission foretohl. 

7. The commission of 16^ also declai'ed, with reference to the depoisits 
brouylit down by tloods: 

Nosexperiences nor observatioiui are known to us which would substantiate jthe assump- 
tion of a pt ogreasive and visihle general raisuig of the bed of Elbe. Moreover, it ia true 

that from sufh of the ohservatioim which have heeii made, and wliich seem rel i able and appli- 

caV>ie to the (jiiestion, it may be assumed that no such raising has taken place. 

The commission of lsr)S ah'ea<ly i)r<>ve<l a partial, and tliat of lS(jl> a 
general tiliiug up and raising of the bed of the middle and lower Elbe, 
which evidently must have taken place daring the later period of 27 
years,' since very large quantities of earth, grav^, and sand were washed 
down from the cleared mountain sides, and since considerable masses 
of fjrav^el and sand were forced down by the improvement aii<l narrowing 
of the river, wliich were executed witli gieat energy and on an cxtensiv^e 
scale in iioliemia and Saxony. These deposits ren»ained iu the middle 
and lower stream and caused the raising of the river bed, because the 
propelling power of the water is there less in consequence of its slighter 
slope, because the imj^rovements had not been undertaken on so exten- 
sive a scale as above, ami because tlic iiictho<l of imi)rovcmciit by lueans 
of spur-dilies adoi)tcd here does not seem so elective uor suitable as 
the method of training-walls adopted above. 

8. It will be seen from the tables contained iu the record of proceed- 
ings of the various commissions in the inspection of the stream, that 
inde])endcnt of the numerous works for the regulation and correctinn of 
the Elbe which existed i)rior to 1S4L', that the states bordering on it iiad 
expeutled iu the li7 years, including lS(il>, for works for tlie regulation, 
correction, and narrowing of the stream ; for the preservation of these 
works, and finally for clearing and deepening of the bed of the stream 
from lM<diiik to the sea, a distance of about (>30 miles,* the noteworthy 
sum of tNv«'l\-(' million <lnl];ns.+ With this sum about >!<>"| njiles of ])av- 
ing. <»S miles of training walls, :ind r»,i'll s]»in-dikes were constrncted 
autl maimained. Kvery one will tlu-reforr admit that the Elbe states 
have done a very great deal for its regulation and for the improvement 
of its navigation. 

If now we lead the records of the proceedings of the commission of 
18(jl», in wlii< h appears a detailed description of the condition of the 

* A "Deutsche meile" (German mile) is here taken at 10, 12d English yards, 
t A German " gulden" is taken at 40 American cents. 

2 
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btreaii) and the obstruf tioiKS to navigation which still existed, it will be 
foQDd that at 124 points there was only the insnfBcient depth of from 
18} to 31| inches in the channel, and that at 113 poiuts navigation 

encouutered preat ditticnlties, i)artly from insilffident dei>tli of water 
and ]>artly from the sharp bends. At miie of these points r«'nl interrup- 
tions of navi<iation take ]>hH'e. Vt^ssels fret aground and chanjre tlie 
channel so that both ascending and des<*ending vessfels are often detained 
a long time, and as a rnle are eventually }>ulled over these dangerous 
p]ace8 with great tronbh' and at great expense in money and loss of 
time. It wdl further be found from the records that the light-draught 
liassent^er l)oat, on which the <'ommission navigated the river fie<iuently, 
was 8loi>])ed by the jam at these ]>laces and assisted in indling the other 
vessels over iu order to get i)ast, and frequently ran aground. No 
account of such glaring obstructions to navigation' ai-<' R ecorded in 1842 
nor in 1 ^58. 

It tliei* foie a])])ears tliat the work whi< li has been cnrrird on during 
27 yeais at so great an ex])ens«' has not imi)r<»vcd the eliannel of the 
Elbe iu general, or at least to any considerable extent, and lias even 
made it worse in several places. 

These results might lead many engineers to the conclusion that either 
hydraulic art in general, or at least the system of works adopted on the 
Elbe, is not suitable to imj)rove a clinnuel of a stream even with the ex- 
peixlituie ul' considerable money. Thisconi lusion W(udd be very errone- 
ous, since the unsatisfactory results obtained by the works which have 
been carried out are easily accounted for. They were produced by the 
decrease in discharge which has taken place since isti', and the im- 
mense bars of gravel and sand wliii h were carried and deposited in the 
middle and lower Elbe, and which caused the eliannel to get shoaler, 
narrower, and more crooked. An additional trouble was that the works 
which were built in former years, and at great exi)en8e for the purpose 
of cohfining the width of the stream to the established normal width, 
gradually ceased to be of any effect since this normal width was found 
to be too great in consequence of the <lecrease in the discharge. 

9. The proofs of the cone<'tness of the conclusion which 1 have here- 
tofore drawn from the gauge -readings taken at Magdeburg, that the 
discharge of the Elbe is gradually decreasing, are unassailably strength- 
ened by these exji^riences gained and data collected by the commission 
on the ins]>ectiou of the Elbe, and in addition thereto, .some of the phe- 
nomona which api)ear on the plot <>f the gauge readings are made clear. 

From the plotted gauge-readings of the Elbe taken at Magdeburg, we 
have seen that the floods in later years have risen considerably higher 
than formerly ; that however the arithmetical mean of the heights of all 
the floods duping the second period from 1778 to 1827 were 12^ inches 
less than tliat tor the first period from 17L'<S to 1777, an<l that, on the 
contrary, this mean for the last i)eriod from 1828 to 1809 was again 6^ 
inches higher than that ol the second i)eriod. 

Ifow it appears from data collected b^' the commission that since 1842 
the normal width of the stream for medium stages was reduced 61f feet 
above and below ^lagdebnrg. and that the lowest readings taken at that 
station are from l.'U inches to 20i| inches higher than they were in 1842, 
due to the rising in the river bed. i)ro(lu< ('(l l>y the deposits which were 
made in it. It must therefore be atlniitled lliat these marked clianges 
in the river bed since 1842 must also have contributed to increasing 
the number and height of the flood stages. 

These dat furnished by the commission also ctmtradict the statement 
of Ml'. Maass that the bed ol the Elbe has been deepened considerably 
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during later decades, and disapproves his coiijectiirc that this deepen- 
ing has caa8«d the deerease in tbe height of the gau^'o readings. 

If the filling np of the river bed, which the commissions have shown 
to have taken place since 1842, had not occurred, the lowest stages at. 
Mafidehurf; would have jj^ono <ln\vii at least H'tj-J iuohcs. luid the annual 
means since ISH* would ha\c Imcomic far h^ss. and tlic dct n ase in the 
height ol" the lower stages, and annual mean of the period IVoni 1.S2.S to 
1869, which is shown by the plotted ^ange-readings to have been from 
10^ inches to 14i inches, would certainly have been much greater than 
that wliieh took place in the j)eriod from 177.S to ISL'7. This proves 
that the discharge of the Kibe sinee ITL'S has decreased steadily, and 
duiing the last three decades e\( ii more rai»idly than formerly. 

I have treateil the hydrographic conditions of the Elbe at such length 
in this paragraph because I bad at my disposal exact gauge-readings 
taken on it during the longest period of time, and at the same time the 
valnal»le data collected and experionees gained by the inspecting com- 
mission. From them the most valuable conclusions could be drawn 
relative to the conditions of <lischarge ol this river, and which may be 
considered applicable to other analogous streams. , 

THE VISTULA. 

Mr. Schmid, of Marlenwerder, royal Prussian privy connsellor of the 

government, gives, in the Jonmal of A ichitecture of Erbkara, 1858, 
detailed inforination concerning the h.\ drographic conditions of flie Vis- 
tula, and ])ublishes in the treatise also the gauge readings taken at 
Kurzebrak and Marienwe.rder <iuring the jieriod of 4M yeius from 1<S09 
to 1856, inclusive, together with very interesting tables showing the 
conditions of discharge of thiif stream, and gives the following as his 
opinion, viz : 

Tbflt tbe apprebennions which were created in the country by the extranrdinary flood of 

1855. that larger «|ii!intiti»'s of water llow i»it(t tlie ViHtnla duritiir wfut tlian in future years, 
are not grounded, and tlmt the tables rather indicate that a decrease in the quantities and 
•tagw of the water may have taken plaofe. 

1 have supplemented th^se tables with the gauge-readings t-aken up 
to the end of 1871, and which were furnished me in a most fHendly man- 
ner by the Royjil Prussian government (►fii< ial8, and have plotted these 
gauge-readings taken dnring a period of 03 years, (on Sheet ").) I have 
divided the latter into the two, from ISOO to 18*^0 aud from 1641 to 1871^ 
From this plot the following is ap]>arent, viz; 

. 1. During the tir.st period the floods puly rose higher than +^ feet 
7 inches in 5 different years, and llie highest reached +24 feet 0.18 inches^ 
whereas^ during the second there were 1) years in whieh they went up 
above i'O feet 7 inches, and the highest reaehed +2S feet T^AVl inches. 
From this it ap])eais that the apprehensions of the inlial>ilants that at 
present during Hoods a much laigei" t^uantity of water tlows into the 
Yistnla, and uiat these now prodnoe more nnmeroas, higher, and con- 
sequently more destructive inntidations than in the former period from 
1800 to 1840, are proven fully grounded aud true. 

2. Dnring the fii'st j^eriod there was only one year in wliieh the lowest 
stages went down to -|-!^27 inches, whih^ dnring the second they went 
do%vn to between —4.12 inches aud — 1 foot 11.08 inches, so that the 
arithmetical mean of the stages during the second period was 2 feet 4.6 
inches less than that of the first. From this reason it may be asserted 
that a considerable depression in the low-water stages <^ tbe Vistula 
bus. taken place. 
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3. The (lififereQce between the bigbeBt and lowest stages was 21 feet 
Z,05 ioches in the first period and 30 fiaet 5.64 indies in the second, an 

increase of 7 feet 2.49 inches. 

4. The ai itbnieiical mean of all of (lie frnuffe-readinj^s taken duriiip^ tbe 
second period is 1 foot 5 iiu lies lt\ss than that of the first period; from 
wbicb it can be concluded, by comparison with similar observations 
made on the Elbe, that the discharge of tiie Vistula at low and mediam 
stages has decreased considerably during the period of observations of 
63 yearns. 

It will be seon from the above that all of the i)henomena observed 
on tbe Elbe are louud on tbe Vistula, and even in a more marked degree. 

THE DAKUBV AT VIXKXA. 

In order to obtain a clear presentation of the conditions of discbar^e 
of the Danube at Vienna, and to utilize as much as possibles the knowl- 
edge of these in the improvement of the river, with which 1 bad been 
intru8te<l, 1 caused tbe gauge-readings for the highest and lowest stages, 
and tbe calculated means of monthly and annual readings, taken at 
the great Danube bridge to be tabulated. 

Since these gauge-readings taken in this important portion of the 
river alone are interesting and acquire a greater interest in the com- 
parison of the changes which it is evident will be caused by the improve- 
ment, I considered it my duty to publish tbem in tabular form at tbe end 
of this paper. I have at the same time, for the sake of perspicuity, plot- 
ted them on Sheet 6. 

I must here remark that tbe recorded gauge-readings only begin at 
1820, those of former years having been unfortunately lost. I coufd 
therefore only i)resent tbem in my tables for tbe periodi)f 46 years, from 
182(j to 1871. 

Up to the present time ice-gorges have fluently been formed in the 
unimproved portion of tbe Danube at Vienna during tbe winter months. 
These so cliange or fill up its l)ed that the water above them is raised 
considerably even at low stages and during diy periods and produce 
inundations at Vienna. Since these backwaters are not really Hood 
stages, I have when tbey occurred (denoted on tbe plot witb dotted 
lines) substituted the reading for the stages which would have occurred 
had the gorge not been formed. I obtained these true rea<lings by in> 
terpolating the readings of the gauges next above and below, and have 
entered them in the tallies as well as on the plot. 

If now the period of 10 years is divided into two equal periods in these 
tables and in this plot and the mean heights are calculated for them^ 
the following phenomena will appear, viz: 

1. During the second period tloods rise higher and occur ofteuer, and, 
on the coTitrary, the lowest stages in the river occur more frequently 
and go <l()\vii lower than during tli»' first. 

2. During the second period the calculated mean of tlood stages were 
10.37 inches, that of all stages 8.71 inches, and that of the lowest stages 
5.1 U inches, lower than during the first. 

3. The decrease in the mean annual stages was very dilVerciit for tbe 
separate months ol this year, and it vaiied during the tive months, from 
April to August, from 1.06 inches to 8.3 inches, and during the seven 
mouths, from September to MaiH;b, from 9.34 inches to 1 foot 9.78 inches. 

I must ftirther mentien^th^^followivtg &ets connected with the decrease 
of gauge-readings at Viemia. 

If we divide the period ot' ol»servation of 46 years into five and add 
together separately tbe number of days in each period at which the 
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readings were above aud below zero, the following will be the result, 
▼w: 

Average number ofdayt during eetch year. 



Periods. 


B«luw zero. 


AboTe zero. 




81 

ine 

162 


334 
267 
263 
228 
«A 



From these relative figures it will be seen that the namber of days ia 
which the stages are al^ve zero steadily decrease, and, on the contrary, 

tho.'^o in wliicli they are helow lapidly increase. 

i could only tind the followin^r startini;- points to ascertain iu the con- 
ditions of discharge of the Danube during the last century. 

I foaud among the archives of public works in the Imperial and Boyal 
Northeast City Hall an accurate cross-section of the Vienna Danube 
Canal, taken at its head at Nnssdorf during; the last century, but unfor- 
tunately without date, on which were indicate<l the highest, mean, and 
lowe.st stages which occur there, aud the following appears iu quota- 
tion marks, viz: 

The btgh«at stage roeeto 8 feet 3.68 inches above the mean, and the ioweet fell 4 feet 1.79 

inches below. Tln' greatest rariatinn therefore am<»unts to 1*2 feet 5.37 inches. 

At present the hijrhest tioods at the head of the Vienna Danube Canal 
at Nussdorf rise to -l- UJ feet 7.K) inches, and the lowest fall to — 4 feet 
7.92 inches. The greatest difference is therefore 21 feet 3.08 inches. 

In my leetuiej which I deliTcred on March 11, 1871, before the Society 
of Austrian Engineers aud Architects, on the improvement of the Danube . 
at Vienna, I pointed out the fact that the Hoods at Nussdorf rose 
4 feet 1.79 inches higher than formerly. This is caused by the narrowing 
of the river bed at that* place by the construction of the spur dikes on the 
left bonk. It follows then that the low- water stages at that point are 4 
feet 8 inches lower than during the lasi century. 

In order to ex)nvince myself that this sinking- in the stages, particularly 
of low water in this vicinity, did not result from a deepening of the 
bed, I compared the reading of several gauges iu Lower Austria with 
those taken at Tienna, and tabulated them in the form shown at the end 
of this treatise. 

It will be seen from this table that <lnring the period of ob.servation 
anterior to l.sr)4, when the water was at the zero at the great Danube 
bridge at Vienna, the other gauges showed a quite different reading, 
some of th«m being as much as + 2 ft. 1 in., and others — 1ft. 8.75 in. 

By virtue of a decree from the Imperial and Boyal Ministry of Com- 
merce, No. 7002, issued September 9, 1853, the zero of all the other gauges 
on the Danube in Austria were set exactly to the same jmint as the zero at 
Vienna. This was done during a long continued zero stage of the river 
at the latter place in the fall of 1854, aud by moviug the graduated 
scales up or down. 

The readings taken between 1855 and 1871 show, however, that at 
every zero stage which occurred at Vienna Tiearly all the reading of the 
other gauges, both above and below, were higher and increased from 
year to year. These readings varied between -f 4.15 inches and 4 feet 
4.9 inches. I have shown these changes in the longitudinal level of the 
stream by the plot of the present zero sta^e hi Fig. 3, Sheet 6. This strik- 
ing change in the zero stage at the various gauges can only have heeax 



Digitized by Google 



22 



^caased by Ijbe improTemeiits which have beeo rnadeat Vienna since 1850. 
and which, by narrowing the stream, have caused a deepening of its bed 
and sinkingot its water surface. Similar deepening of the bed and sinking 
of tlie water surfacr are also observed at the gauj^cs at Linz, Wallsee, 
and Tulln. At all the other portions of the river the bed was raised by 
deposits and the water-snrfooe raised thereby. 

Since the ^»'<1 of the stream at Molk and Stein consists partly of rock, 
and at the latter pliwit tin* river is confined to its normal width i>y the 
liridge which exists there, and since in these two portions of the stream 
uo deposits are observable, the bed of the river may be considered to have 
been unchanged there since 1854. 

The readings of the gauges at these two points have been alike dur- 
ing recent years, when that at tlie great Danube bridge was nt zero. 
They were -f-1 toot inches. The readings at the Ferdinand's bridge 
across the Vienna Danube < 'anal, at which the gau^e had also been set to 
the same zero as that at the great Danube bridge in 1854, are nowfirom 
1 foot 1.48 inch to 1 foot 5.63 inches higher than at the latter. It may be 
conchuled from this that (in « (>nse(|uence of the deepening of the bed) the 
low-water stages at Vienna have been lowered 1 foot 3. 5() inches. At 
the next gauge above, at Nussdorf, this depression yet amounts to 11.4L 
inches. On the contrary, in consequence of deposits, the low-water sur- 
face in other portions of the river, as at Grein, Struden,Fi8ehamend, and 
fiainburg, have been raised from 1.45 inch to.'? feet 1.35 inch. 

Although this deej)eningof the river bed at \'ienna is made perfectly 
clear by the plot in Figure I, which shows a decrease in the low and 
medium gauge-readings of from 5.19 inches to 8.71 inches during the 
I>eriod from 1849 to 1871,1 was also fnlly convinced that the discharge of 
the Danube at Vienna had also <lecreased during the last decades. This 
conviction resulted from the fact that during the tirst period of observa- 
tion, from 1820 to 1848, the Eujperor's stream, about 497 feet 9 inches 
wide, still discharged quite a considerable vobime of water even at the 
zero stage, while during the last decades the discharge at that stage of 
this subsidiary stream, which has been much filled with sand, amounts 
to but very little. 

The gauge-readings taken at Old Orsova fjirnished me with tiie most 
Striking proof of the observations which 1 had made that the discharge 
not only of the Danube but of the most of its larger tributaries had ae- 
creased considerably during recent periods, and I therefore take the 
liberty of commending the data gathered from them, and which I will 
now enumerate, to the special consideration of ujy readers. 

I delivered a lecture ou the improvement of the Dauube at the eight 
rocky ree& and rapids near Orsova, and illustrated it with plans and 
longitudinal sections. These were published in the Journal of the So- 
ciety of Austrian Engineers and Architects, (Xo. 9. 1872.) From the 
latter it will be seen that the l)ed of the Danube in the whole of the 
Diouutaiu gorge, a distance of about 75^ mile8* from Bazias, to about 
5.89 miles below Old Orsova, consists almost entirely of rock. This 
portion of the river bed has remained unchanged during centuries, t 

The first Imperial and Koyal Private Danube Steam Navigation (>oni- 
pany erected a gauge in 18^ at Old Orsova, one of its most important 



*An AuBtrian mile = 4,00U Auatriau klui'tcr ss Sf296| Englii^h yards. 

tThe Danube St«ftm Navigation Company flrom 1847<-49 and the Austrian government in 
1855 did, it is true, remove some dangerous projecfitig rocky reefh in the lower part of the 
Iron Gate. The relations of liiMchar^'e were, however, nut altered thereby at the cruas-aectiun 
at Orsova, 5.89 miles above, because the uoper rocky reef in the Iron Oat*, which eztanda 
acroM the whole bed of the river, remainea unchanged. 
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landings, where readings were accurately observed and recorded^ since 

their freif^ht rates were partially rejjcnlated by them. 

The gaiip^-readiiifjs at Old ()r8o\ a aro especially suitable to determine 
the conditious of discharge from the whole basin of the upper Dauube 
for the tbllowiug reasons, viz: . 

All of the large tribataries have already emptied into it; it bas a bed 
at Orsova which is regular and sufficiently wide for a long distance; it 
is tliere already sucli a mijflity stream that thv ('(mditioiis of discharge 
are not visibly afl'ected here by aVmornial stag(\s arising from abnormal 
discharges from the basins of the ditterent tributaries whicli are caused 
by actions of the elements, and because the high and low stages of the 
larger tribataries occur at different periods of time. This happens in 
consequence of the great extent, difi&tent contiguration, as well as the 
composition of the soil, and tlilterence in climatic conditions of their 
basins. 

The Danube at this point may therefore already be regarded as a great 
regulator of the abnormities which occur in its different tributaries, and 
the gauge readings here may therefore be taken with perfect contidence 
as quite nearly expressing the relative conditions of discharge from the 
whoh; basin of the l)anubt\ 

AfttT eliminating the ineompict** records of the year 1 H3H- 1 <s;il), I com- 
pared the accurate readings at the Old Orsova gauge during the 32 
years from 1840-1871, in the table at the end of this paper, and fh>m 
this made two plots on Sheet 7, — the one showing the highest and low- 
est stages of oach year and the calculated annual mean, the other the 
calculated arithmetical mean «»f the monthly and annual stages. From 
these the following is visil)le, viz: 

If the period of observation of 32 years is divided into two of 16 yeiirs 
and the mean stages calculated for them, we will find, viz: 

1. That the fioo<l stages of the Danube at Orsova occur, it is true, 
oftener rluring the second than tin* first jx'riod, but <lo not rise so high, 
and that the arithmetical mean of these stages during the seeond period 
i.s 11.41 inches less than that of the hrst period. This proves that now, 
even at flood stages* the discharge of the Danube at Orsova is less than 
it was during the first perioil of observaticm. 

This i)henomenon is quite different from those whi(;h we have already 
observe<l on the lihine, the Elbe, and the Vistula, and is ex])lained by 
the following; The heavy rain-falls, and the melting ot the snows in 
the ba^sins of the larger tributaries, and the consequent tioods in the 
latter, throughout the extensive basin of the Danube, occur at different 
periods of time, and therefore very often sinuiltaneously with the low and 
medium stages of other tributaries. Frotri this it follows tliat the tloo<l 
stages i\l <)rs«)va niiiy be considered as the already adjusted mean of 
tiood stages, and this proves that the increase in the discharge occasioned 
by floods in some tributaries cannot compensate fbr the decrease occa- 
sioned by the mean and low stages in the other. 

2. Low stages oceur oftener in the second ]>eri<id, and sink in some 
years li fe<'t 4 inches lower, so that the mean is 1 foot '*y.2\ inches lower 
than during the first. From this it may be eoiicliided that a consider- 
ablesiukiug in ilic water surface of the Dauube has taken pliw.e at Orsova, 
and that there at present the discharge is very much less than during 
the first period of observation. 

."3. The annual mean decreased 1 foot (kIo inches during the .second 
period, and therefore the total annual discharge of the Dauube at Orsova 
has decreased during that time. 

4. This decrease in the annual mean is quite different during different 
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mdntiia, and amounts to only ttom 2M inches to 1 foot 1.48 inches from 
Jannars' to April, but on tbe contrary to from 1 foot 1^9 inches to 2 fbet 
3.18 inches from Mav to December. 

5. Tbe decrease in the gauge-readings of the Danube at Orsova has 
been relatiyely much greater during the Bhort period of observation of 
32 years tiian that observed at the streams heretofore nieutioned. and 
for the reason that sex eral larjje tributaries, snrh as tlie Mareli, Waa^, 
Drau, Sa\ e, and Tlieiss, have an eitect on the lowering of the water stage^i 
and decrease in discharge. 

6. These plots of the gauj:;e-readings show that tbe highest, lowest^ 
and calculated monthly and annual means of the Danube at Orsova have 
decreased considerably, — this decrease being synonymous with a gen- 
eral siukinft of the water-surface of the stream, and this couhl only have 
taken place in this rocky bed, which has remained unchanged daring 
centuries, in consequeuce'^ of a considerable decrease in the discharge of 
the river. This strengthens the oonclusion, which I have heretofore 
drawn, that the decrease in the gauge-readings of the lower and medium 
stages on the Rhine, Kibe, Oder, Vistula, and Danube at Mennn. m hich 
1 have Ijerctolore shown has taken x>lace, even after deductiii;: several 
inches due to the etiect of recent improvemeuts on these ri\ ers. could 
only have resulted from a continuous decrease in their discharge. 

After the foregoing had strengthened me in my belief that the dis- 
charge of the Danube at Old Orsova an<l also at Vienna had decreased 
and would still further <lecrease, 1 was impelled to submit marked changes 
in my two project^ for making the Danube navigable at the seven rocky 
reei^ of the lion Gate above Orsova and the Improvement of tbe river 
at Vienna. 

In the project which I submitted in isr>4. to blast channels through 
the eight rocky reefs in the Iron (late and above Orsova. I fixed t 
bottom of these channels at C ieet li.TC inches, or 7 feet ^i.ll inches belo^ 
the water-surface of the zero stage. The Imperial Royal Danube Steam 
Navigation Company and its engineers declared that a depth of 4 feet 
1.38 inches below that stage would be suflicieut. Based ujion the results 
of the iuvestigations which I have enuiuerated, 1 have now submitted to 
the government tbe necessity of blasting these channels to at least 8 
feet 3.56 inches, or else in about 30 years they will no longer be naviga- 
ble at low stages. 

In the first project for the improvement of the Danube at Vienna which 
was approved, the experts in the year lS<»7-()8 lixed the normal width, 
measured between the upper edges of tbe sides of the cut-off for the cross- 
section of discharges at low and medium stages at 1,244.5 feet. 

Beferring to the decrease in the heights of stages and in discharge, 1 
then proved by means of hydraulic calculations that the above width 
was clearly too great, and that a width of 1H)8.5 feet would be more suit- 
able for the discharge and future slope. 

The seven hydraulic experts which were invited by the commission on 
the improvement of the Danube to give an opinion on this matter did 
not consider that tbe decrease in the discharge of the river at Vienna 
mentioned by me as yet a clearly-proveu fact, but in view of all the cir- 
cumstances mentioned by me and in consideration of the evils which are 
now showing themselves on the improved Rhine between Basle and 
Mannheim, and which are dearly dne to the fact that its normal width 
was taken too large, they redncexl tlie normal width for the improved 
Danube at Vienna from l,L*U.r> feet to 1,120 feet. The Danube com- 
mission ac(;e[)ted this, and ordered tbe execution of tbe improvement 
with that normal width. ...... 
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I eoDsMcr tills ndaetkm as tiie fiist importMit rmlt of my prooft of 

the decrease m the discharge of streams, since I am convinced that If 
the width of the new bed of the stream liad been retaiiu'd at 1,244..") feet 
that, just as was the caso on tlie iininoved parts of the lihirie and Elbe, 
tiiere would have been lornu cl in it numerous sand and gravel bars and 
some of these even on the right-hand wharf sides; that the ehannel be- 
tween these bars wonld have become very crooked; that the crossings 
from one concave bend to the other wouUl have become very shallow, 
and that the wliole expensive improvement woald have been declared 
iiaulty aud abortive. 

In order to enable me to compare more readily the decrease in the 
he1$rht of stages in the Ave above-mentioned rivers, I reduced it to the 
same peri<^d of 50 years, and obtained the flgares which are contained 
in the following table : 



Hame of the strvam and 
gauge-station. 



i a 

m 

e e _ 
• « r 



Rhine at Ennnerich ^^"^^ 

Rhine at DUweldoif I 

{ 1 1 yean. 

Rhine at ColoKne { 'J^lf^; 

Rhine at Gerna rsiieiui 'i 



1 172s-l!<«.!l, 
\ 14'^ years. 

( 58 years, 
n8«»-1871, 
. \ tti veara. 

( 4<iy«ain. 
j lMO-1871, 



I It Matdclnazc. 

OdaralKllttriii 

VlMalA at Xaiianwerdcr . 

DutnlM «t Ot«ot» 





Decreaae in the height of 
niediuu) stages diiriuK 
the half period of ob- 
wrvstion. 


• B © "JJ 


Decreaae tntfae bai^t of 
the oMaa atagaa re- 
duced to a p«i1od of 
AO rmn. 


01 kiweat 
•iBgM. 


Ofaunnal 

lti«M. 


Of lo««ik 
atagos. 


Of annual 
mMiM. 






Inchet. 


/NcJlie«. 


Iitchet. 


Inehm, 


■ 


13.64 


16.91 


f 0.85 


•JO. 05 


25.62 




- 0.C2 


4.87 


+ 8.84 


— 0.85 


6.86 




7.42 


4.40 


+ 15.44 


13.78 


8.14 


' 1 nnkiiown 


17. 12 


unknown. 


unknown. 


61.16 


' (in ring 92 












yean. 








n.S6 


) 
i 


2D* 86 


81.92 


- 9.2T 


16.23 




9.T8 


10.43 


+ 1,61 


16.76 


17.97 




28.48 


16.99 


- 1.68 


46.21 


26.86 




6.19 


8.n 


-10.87 


11.73 


18.94 




15.20 


18.14 


- 11.41 


47.48 


66.70 



By far the greatest part ot the sinking of the water-surface of the 
Khine at Uermersheim is due to the deepuiug of it« bed caused by its 
extensive improvement by cnt-o£fs, and only the smaller part is due to a 
decrease in its discharge. If the gauge-reaflings at that station are 
therefore eliminated from the above table it will be found that the 
gieatest decrease in height of water sni faces has been between 47.49 
inches aud 50.70 inches on the Danube at Orsova, at Marieuwerder on 
the Vistnla between 26.98 inches and 4.52 inches, at Emmerich on the 
Bhine between 20.65 inches and 25.62 inches, and at the other stations 
between 0.80 in(;hes and 18.04 inches. 

The decrease which is shown on the Kll>e in the lowest and medium 
stiiges as amounting to 10.23 inches and 17.35 inches would certainly 
have been greater if sand deposits had not been made in its bed since 
1842, which again raised the water-snrfooe ftom 13.03 inches to 22.06 
iuches. 

The sinking in the water-snrfaees increases with the size of the stream 
aud the viciuity of the statiou to its mouth, since there the basins are 
larger in extent and the sum of all tho'dlBmatosttt tbe discharge of the 
tributary rivers and oreeks above comes into play. 

Tlie ph)ts of the gauge-readings show in regard to the floods in these 
rivers (with the single exception of those taken at Orsova) that in recent 
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periods tiieae oeour offcener and rise higher than in former times. It 
follows dealrly then that during flood stages the discharge is much 

greater than it was formerly. 

Tliese plots show further that the floods woro more rej^nlar dnring 
the successive years, whereas duiiiifr the last (leca(h\s very high ouea 
occur iu oue year aud then iu one ot the succeeding years they do not 
rise so high, and this proves that now the changes between a very wet 
and very dry year occur oftener and are much greater than formerly. 
This is particularly noticeahle in the tahl<' on the Kibe and Vistula. 
' The causes of tliesc remarkable phenomena are plainly the following, 
viz; 

In consequence of the clearing of forest^ particnlarly in the mountain 
regions, the rain comes down in torrents, and there are more bursting 
of clouds than formerly; the rains are less soaked in by the cleared 
lauds, run off into the creeks, rivers, and streams more inpidly, aTid till 
these with larger quantities of water, and liually, the rain <lj'S( endiug 
rapidly tlowu the cleared mountain sides tear up the soil aud till up the 
beds of the creeks, rivers, and streams with eartb, sand, and gravel, 
and thereby increase the height of floods. 

The correctness of this assertion is sadly substantiated by the inun- 
dations whi(;h are continually of more freipient occurrence in Italy, 
Southern France, Hungary, Bohenna, aud many other countries. 

These phenomena attending tloods induced a distinguished meteorolo< 
gist to express the conjecture to me that the increased discharge of pre- 
sent tloods might possibly compensate for the diminished discharge at 
low and me<lium stages. 

This conjecture is however entirely unfounded, since, as i have already 
«hown on the Khine and Elbe, the annual discharge is very closely rep- 
resented by the discharge due to the annual mean of gauge-readings, 
And this has been shown to be decreasing for the five rivers which have 
been mentioned. The incorrectness of this conjecture is particularly 
shown by the table of gauge -readings at Orsova. It hapneus very often 
that, in the very extensive basin of the Danube, the tloods on several 
of the larger tributaries occur at the same time as the low water of 
others, and yet there is no compensation for the diminished discharge 
of some by t he increased discbarge of others, since just at Orsova the 
means of the highest, medium, and lowest stoges have decreased more 
rapidly than ou the other four rivers. 

Even if for some years the conjecture v^ as really true that the con- 
tinued extraordinary Hoods did compensate for the more frequent less 
discharge, this would be little oaasolation for mankind. For the dis- 
ad vantages which arise to the consumption of water when the rise is at 
its low and mediuiu stages would not only not be removed by these 
constantly increasing higher floods, but, on the c<uitrary, increased by 
the more numerous and destructive overdows which now occur. 



Having now furnished unassailable proofs that the lowest and medium 
stages, and therefore tlie discharge of the live ])rin('ipal rivers of Central 
Europe, whose total basins have an area of about 51)0,751 s<[uare miles, 
have been continually deereasiug during a long series of years, the fol- 
lowing conclusions may be drawn, viz: 

1. Since these five streams are almost exclusively fed by the tribu- 
tary rivers and creeks, the low and medium stages and discharge of the 
latter must have continually decreased duiiug a long series of years. 
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One may easily be conviuced of this by compariug tlic gauge-readiogs 
taken on them and tabulating and comparing tbem by the same method 
which I pursued witli the five streams. 

The coiTectness of the assertion is further substautiated by the fact 
that many manufa<;t()ries estabhshed about .lO years since on the banks 
of creeks and rivers, which were theu rich iu water Jjupply, are now 
« sensibly feeling the decrease in the latter, which flows into their flumes, 
and aro now erecting steam-engines as anxiliaries to their former abun- 
dant water sni)i)ly. 

2. It is pioljablt' tliat the same causes which have acted in tiic liasins 
of these tive streams have also been at work in those of the most of the 
Other rivers and streams of Europe, and, indeed, in the inhabited and 
cultivated portions of the three other parts of the 'globe, and conse- 
quently it may have Inippened that a simihir decrease in the discliar^e 
at low an<l medium staj^es lias taken place on most of the rivers on the 
earth, and that their tioods now occur oftener and rise higher, and thus 
by their increased discharge cause more destmctire overflows than they 
formerly did. 

3. If the causes wliicli have been at work dining the last 140 years, 
and which hav»' de< leased the ordinary dischar^j^e of streams and rivers 
and again rapid tilling up by tioods, shoidd continue to act iu the future, 
it is clear that the low and medium stages of streams, rivers, and creeks 
will decrease in height still more, and the question will force itself upon 
the mind of everyone to what extent this decrease in their discharge 
may go. 

There need probably be uo appreheus'on that the low water-surface 
of the Danube, Rhine, Elbe, and Vistula will ever go down to their beds, 
that is, that the>- will become partially dry, because the first two are par- 
tially fed by the ice and snow of the Alps; because the causes which 
create this decreas<' w iW ]>robal)ly not act beyond a certain point, and 
because the many tributary creeks and rivers which empty into these 
streams generally have their highest and lowest stages at difl^rent 
periods of time. 

If, however, the very considerable sinking of the water-surface, which 
is shown in the abov*- table to have occurred durinjjf the relatively small 
period of ."»() years during low and niedium stages, are observed, the sad 
certainty will be reached that after the expiration of 100 or 200 years 
the discharge during low and medium stages on the upper and middle 
portion of these tive streams may have been so much decreased that 
they will no longer be navigable, if the causes which produce thisde* 
crease in dischar^ie of streams an' not counteracted. 

Those creeks and ri\ers whose basins are small may be converted 
into torrent streams by this oontinned decrease in their height of stages 
and discharge, beiu«r fuobably dry annually during several months, and 
thcTi l>ein«' rapidly filled up by rains ami made to discharge large quan- 
tities of water. There are many exaini)les to show that these appre- 
heusions are well founded. iMauy large rivers eveu, which historical 
researches have proven to have been at one time prolific in water sup- 
ply, have now become already only wild and torrent streams, as is the 
case with most of the torrent stn^aras jvhich ])recipitate themselves down 
the southern slopes of the Alps in Italy and in (Varinthia. >lany other 
creeks and rivers which existed decades ago have been changed only 
during reeent periods within the memory of man into wild creeks whicn 
only discharge lai^ quantities of water and debris during heavy rains. 

ll will therefore seem clear that my apprehensions concerning; the future 
navigability of the five streams above mentioned are well tounded. 
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Although, aside from the data which Dr. BergfaaiM fturnithed in his 
hydiogmpbic work^ and which are unfortunately too little known as yet^ 
we have no reliable result of gang^e-readings, extending: jliirinp: lonfr 
periods on most ot the larfje rivers, which wouhl i)ermit tabulation and 
conii>ari60u, many prote^tiiuual men have been led by the data gained 
by some to observe the deerease in the discharge of other riTera. 

We find, for instance, the following interesting commanication in the 
"J>entsche Monatschrift fiir Handel Sehiffahrt und Verlsehrswesen, (I 
Band, Kostock *published by F. Terrot, viz: 

It lias beeu proven that the three streams VVeeer, £lbe, and Oder, clearly show a decreane 
in their diwhaif^ and an iiiereaite in the rand deposits in their beds. It has been calculated that 

if till' watH' supply in the Elbe dec ri'u'^. s at its )u esei)t nit*', it will not in the future !)'• navigable 
bv heavily laden vessels. It it* not tlill'erent on tlie Oder; there were only 11 days during the year 
lfe.'>8, which it in true was quite a dry one, on which the Sileeian Oder wa» navigable under 
full power. The Weser from the bef.'inning liad the least water fupply of the three. The 

foveruQient, it in true, hatj re<:ently taken to prevent the clearing of tlie heights vvlitch 

order the valley of this stream, and which was tlie main cause of this pheuomeuun, but th» 
inconipletenpss of the river improvement. nia(h' according to the prineiples iU prejient in vogue, 
hilS done more to bring about the state of atlkirs which now weigh so heavily. 

Tf the tabulated gauge-readings and other data which have been col- 
lected in this treatise, as well as niy conclusions, which I believe to be un- 
assailable, are thoroughly criticised, I believe that no hydraulic engineer 
will doubt the correctness of the assertion already nuide by the dis- 
tinguished hydraulic engineer, Dr. Hcrghaus, in 1830, and proved more 
in detail by me since that time, that in the creeks, rivers, and streams 
of Central Europe there have been more fi«quent and higher floods, and 
on the contrary a very serious and continuous decrease in the height of 
low and me<liufii stages, and consequently in discharge, during the period 
of observation of about 1-AO years. 

A correct knowledge of and heeding of this peculiar phenomenon in 
the life of rivers and streams is very im]H>rtant for the hydranlic engi- 
neer particularly. He must give due consideration to this continuous 
chntigc ill tlic conditions of disclnirge of capeeks, rivers, and streams in 
pn/jcciitig improvenieiirs of rivers, canals, aqueducts, water-powers, and 
all hydraulic works in general which are intended to last during centuries. 

If he does not, his works will not be snitabte to their intend^ purposes 
and will lie total or ])artial foilnres, as I have already pointed out on the 
Khine, Kibe, and Danube. 

I llattcr my>clf, therefore, that through the laborious collection and 
tabulation ot the material l)efore us, ami through the establishment of 
the above-mentioned 'phenomenon, I have contributed my mite to pro- 
mote hydraulic Iniowledge, and particularly that of river works. 

II. DECHKASE IN THE NUMBER OF SPBINUi^ AND THEIR DISCHARGE. 

The theory which is already generally accepted as correct, how rain- 
frills create and fe<'d the supply of the subterranean water which oozes 
into and filters tlirough tlie l arth, and how these waters slowly tilter 
through the pervious or so-called water-conducting subterraucau layers 
from the mountain sides and high regions into the low lands and valley s^ 
and there reappear as springs, and in their totality mainly supply creelcsv 
rivers, and streams, is probal>ly ivell known to my readers. To those 
who wish to inform themselves more on this subject, f can recommend 
the Hydrography of J>r. iJerghaus, which 1 have already cited (second 
yolnme of his General knowledge of eoontnes rad nations," publiahed 
in 1837), and the **Handb«eh der Wasserbankunst, von G. Hagen.''f 

* German Monthly fitr Trade, Navigation, and Coiuuierce, (Volume I, Rostock 1872.) 
tHandbook of Hydraulic Art, by ti. Hagen. 
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My esteemed readers will see from thes€' works that by meaus of al)un- 
dant and Yny careflil obsenrations, meaanrameiits, and calculations it . 
ha« been fonod that only about one-sixth to one-third of the whole rain- 
fall of the basin of a river or .stream wliich reaches the surface of the 
earth runs directly on it into tht^ creeks, rivers, and streams, and j»ener- 
ally Hows rapidly to tiie sea thronjili them. The amcunit depends [\\)on 
the shape of the surface, the geologit al formatiou of the strata, aud the 
eliiiracter of the plants which cover it. 

The other five-sixths or two-thii ds of this ndn&ll enter the earth, are 
^rathered in reservoirs, in cracks, liollows, and pervious layers, and sup- 
ply the water which oozes and tilt«'rs ihronj^h tlie <;round as well as the 
sprinj^s. A clear concei)tion of the extent aud uiaguitude of these sub- 
terranean reservoirs can only then be gained when we consider that in 
the dry season of the year, during which not a drop of rain &lls in the 
basin of a river for weeks, all the springs, wells, creeks, and ri\'ers which 
are situated in it are fed by the.se re.servoirs alone. They «lo this .so 
evenly that altliou^'li th<' river .stages sink the most, yet there is the 
greatest sameness aud duration iu them. 

The great importance of these subterranean waters only seems clear 
when we call attention to the fact that mankind draws most of the drink- 
ing water for itself and its animals from them, and they may therefore 
be considered the fundamental condition ni)on which the existence of 
animal life is based. It is made clearer still when the fact is considered 
that the waters which ooze throuj^h the upper layer of the eaith dissolve 
nourishing matter and thus prepare the latter for suction by the roots of 
plants, and thus again make the fuudftmental condition upon which the 
existence of vegetable life is based. 

The points ju.st indicated show how important a roh- the waters which 
ooze into the earth and tilter through it, subterraueously, play iu the 
economy of nature. 

I oan only give the following proofs of the decrease in these subterra- 
nean water supplies : 

It has been shown in the j)revions chapter by observations taken dur- 
in«^ a lont^ period of years that durin;^ the last decades the tloo<l8 iu 
creeks, rivers, and streams which are produced by rains occur ofteuer 
and rise higher and therefore now produce larger masses of water in 
them than formerly. 

It follows, then, that if the amount of rainfall ha« remained the .same, 
the amount of water which has Hown otf on the surtace of the earth has 
increa.sed. and the (piantity which has oozed into it has decreased. 

Cousciiuently the mass ot the subterranean reservoirs, the seep aud 
filtration waters and springs must have diminished. . 

The correctness of this conclusion is confirmed by the following data 
which have been gathered. 

We have aln'ady shown that in the last decades the heiuht of the low 
and medium sta^^es and consiMiuent <lischarge of creeks, rivers, and 
streams have decreased continuously. This decrease has beeu the great- 
est during those months when these watercourses were abnost exclu- 
sively fed l)y these subterranean seep and spring waters. We are there- 
fore jnstitied in concluding that in recent ])eri<>(1s ti)e water supply fur- 
nished by tlicse sul >l erraneous reservoirs and ]»ervious layers lias de- 
creased, and lliat the seep an<l spring waters of basins have furnished 
a smaller supply for feeding their waterHSOurses than in former years. 

l>r. H. Berghans has ahready refitted to this matter in his Hydrog- 
raphy (p. 30), as follows: . . 
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It has btM II )ii>erve(l in manj regions uf thecwtb that t^prings loM a fuai of their water 

pupply. Ill thf fornu'v Poitdu and in the department of the Lower Charente a strikinu de- 
crease of gpringK has heen felt eiuce 1825. Thin plieuonienon liat* been ascribed to the drying 
up of the soil and to the construetkMH of cHnali«, ditche?, &c. Fleurian de Bellevae took puins 
to show that a decrease in the anu nnt of l ainlall wm the cause of it. 

It has also Vtt'en estnblishf**! by iiiitiu'i ous obsei^vntiotis tliat in rrooiit 
IK'rifHis manv springs have dried u]», and that tin' discliar^'e of inaiiy lias 
decreased e.oiisideral>ly. It is also generally known that many ajjiie- 
dncts, wbicli were coiiBtnicted in a solid mftiiner and at great expense, 
and which once delivered an abnndant snpply of water, have been com- 
pletely abandoned on acoomit of a jiernianent failore therein. It is far- 
ther known that very many old wells which were oiiee snp])osed inex- 
liaustible have, especially since isr>2, })artly Ix come totally dry or ])artly 
so poor in water supply, by reason of the sinking ot the surface of the 
water in the subterranean layers which fed them, that it became neces- 
sary to deepen them several fathoms in order again to obtain a perma- 
nent water sujjply. 

I will only mention here a few examples of the many of which I have 
obtained knowletl^e. 

It is generally known that Home, during its halcyon days, with its 
nnmerons public wells and baths, was extravagantly supplied with 
wat^er by numerous aqueducts. In consetinence of the diying ii]> of 
the sprinj^R which fed them, many of the latter are now ])erfe(*tly dry, 
and otheis liave but a i)art of tlieir water sui)}>ly. An example of the 
latter is the "Aqua vergiue," which is nearly 12^ miles long, and whicli 
it is now intend^ to reconstruct at considerable expense. 

The springs and aqueducts which once supplied Constantinople with 
a ^reat abundance of water for drinking and useful purposes, have now 
lost so much in their yield that there also new and distant springs mast 
be sought. 

The world -reijowued fountains and artistic water- works in the palace 
garden of Versailles were once so abundantly supplied by the aqaedacts 
which Aimished tlie water that they could play daring nearly a whole 

day at a time. !S^ow, in consequence of the decrease in w'ater supply, the 
latter must be collected during about 23 hours in order that tlie fount- 
ains and works may play an Iiour. 

The many beautifully constructed fountains and artificial waterfalls 
in the Belvedere, Schwarzenberg, and Lichtenstein gardens at Vienna, 
and those in the palace park of SclioDbmnn, which were abundantly 
supplied by springs which were led to them, are now completely dry, 
and are a sad tnonument of dried up springs. 

The city of \'ieuna has, in addition to about 10,000 wells, 10 ditfereut 
aqueducts by which the spring and seep waters of the vicinity are 
caught, gathered, and led into tlte dty. After the water in these wells had 
not only diminished in quantity but had also deteriorated in quality in 
consequence of seep from sewers, and the supply formerly furnished by 
the 10 aqueducts had become greatly diminished, the K!ni)eror Ferdi- 
nand aqueduct was built in 183r>. This delivered to the city about 
1 ,245,627 gallons* daily from a supply gathered at lil'assdorf, firom the 
A'ienna Danube Canal, by means of long and deep siphons. 

This aqueduct became uncertain and insufficient, partly in consequence 
of the sinking of the surface of the Vienna Danube Canal, and partl3^ 
through the clogging of the sijdions. The eoinmnnity of Vienna was 
then induced, after proceedings lasting several years, to draw the reciui- 
site supply of water ibr drinking and useftd purposes, amounting to 

* Sillier (buckets) = 3,454 cubic inches. 
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24,912,540 gallons daily, from the In'gb sjurings of the Schneeberg (Kai- 
sei'brnnuen and Stixeostein springs). This will be accomplished by an 
open aqaedoct abont 56} miles long, and which will leqniie a capital 
of nearly $8,000,000. 

I believe that 1 liave proven by the foreji-oiiig iiiformatifm and exam- 
ples tbut dining recent ]>eri<)ds tbe Kn]>ply in subterranean reservoii'S 
and in water-carrying layers lias become suiallerj that many ot tbe 
seep waters and Kprings have comi)letely dried np, and some deliver less 
watt 1 : and finally, mainly lor these reasons, the low and medium stages 
ooDtimmlly sink lower, and tbat tbe discharge of these' water-courses 
consefjuently becomes continually smaller. 

If tbe de< icasc in water w hich has been show n to ha\ (' taken place 
daring the last i^eriod of 140 years should continue, this jjbenomenou 
and change on tbe snrface of tbe earth would cause incalculably evil 
results and dangers to future generations. This decrease and sinking 
of the water oozed into and filt<'i ing tbron u li tbe ground under tbe sur- 
face, and tbe more luuncrous < lianges bet ucen very dry and very wet 
yeius, which is show n by tbe plots, would decrease tlie fertility of the 
soil greatly, and many countries which are now covered with rank vege- 
tation would become cheerless deserts. 

After many springs have dried up, and creeks and rivers have been 
converted into torrents, nnuikind would be compelled to draw tbe water 
fordrinking and useful purposes from deeper water-carrying layers and 
from greater distances, and consequently at greater expense. Many 
mannfacturing and industrial establishments would also lose their in- 
dispensable, nsefhl water and water-power, and would either be cora- 
pellnl to resort to expensive substitutes, or move to distant regions in 
)i the springs and rivers have not yet lost their waters^ or stop 
eutirely. 

Finally, a continued decrease in the water supply of rivers and streams 
vonld lay the former dry during the greatest part of the year, and de- 
stroy the navigation of the latter. 

Since it is apparent from tbe foregoing remarks tbat tbe continuous 
<l('f'roase of running waters on tbe earth's surface not only sei iously 
tiireatens the welfare and health but also the existence of future genera- 
tions, many friends of natural sdences will probably find themselves 
indted to make further researches ih order to determine the causes of 
tbis striking phenomenon, and to ascertain the means by whose appli- 
cation this tlireatening calamity ma^ be counteracted, so far as it lies 
within tiie i)ow er of man. 

I liave been industriously engaged in the solution of this diflicult 
problem, and have compared the results of my investigations on this 
subject in the following two chapters, in the hope that distinguished 
colleagues and naturalists may continue the researches thus begun, and 
make them bring good fruit for the welfare of future geneiutions. 

IV. CAUSES OP THE DECREASE IN THE AVATER SUPPLY OF SPRINGS 
AND STREAMS, WHICH HATE BEEN ESTABLISHED BY THE FBEGED- 
INO CHAPTEBS. 

The accurate determi nation of the causes w hich produce the decrease 
in the water of s])riugs, rivers, and streams, is of the greatest importance, 
since only when these are known can suitable measures be suggested 
to set a limit, to the extent of the power of n»9'n« to the further progress 
of tbe evil. 
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In order to obtain a correct appreciation of the connection between 
the amount of raiii&U and the disoharge of streams, we will present these 
quantities by an algebraic formula, and for this purpose adopt tiie fol- 

lowiiifj: notation, vi/: 

Let us represent by A the total amount of the annual rainfall in 
the basin of a stream; by d' A that part which runs oil" the surface into 
the creeks, rivers, and streams, which will then give for the amount 
which oozes into the earth (1 — a?) A; by B the amount which is con- 
sumed by vegetation and animals, a« well as that which runs oiF into 
verv low lavers or crevices in the earth and does not reach rivers and 
streams; and hy M the amount of water which is annually discharged 
'into the sea by this stream, and we will have 

M=«A + A-B = A-B. 

It will be seen from this equation that the proven fiict that x A has 
now become f;reater and ( 1 — ) A less has no iutluence on M. Now since 
it has been ])roven that M has diminished dnrin;^ recent periods, it fol- 
lows that this deerease eouhl oidy have occurred in consequence of a 
decrease in A or an increase in (1 — x) A or by a contemporaneous 
decrease or increase in these quantities. . 

Xow let us represent by m the decrease in the discharge of the stream; 
by <( the sai)posed decrease in the amount of rainfall, and by b the in- 
crease in (1 — x) A, we have the followin<r e(|nati(m: 

(M — w) = (A — a) — b.) 

and therefore 

m s a -I- ft. 

From that which will follow it will be seen that in cultivated countries 

a and hj and hence >h, are continually increasincr. 

The observations and researches which I made daring many years led 
me to conclude that the changes in the conditions of discharge of rivers 
and streams which have been established, were caused in the first place 
and chiefly by the clearing and destruction over large area^s of the forests 
which formerly existed in cultivated countries, by which the mountain 
sides were left bare and the level ground converted into meadows and 
fields. 

The meteorologists and naturalists of the countries referred to had 
already during many years made numerous observations and researches 

to show the intlueuce of forests on the amount of rainftdl, the condition 

of the climate, and the fertility of the soil. 

I will here V)riet1y mention som«' of the results obtained and opinions 
exj)ressed by some of these distinguished ex])erts. 

Dr. Berghaus mentions in his Hydrography, heretofore cited by me, 
that the decrease in the discharge of the VAbe since 1782 is caused by 
the decrease of the rainfall which has taken ]>lace in its basin since that 
time. The cause of this is stated, hoth \)\ lieruliaus and Malte IJrun, to 
be in the clearing of forests, since the attraction of the hitter dniws elec- 
tricity and water from the clouds and increases the amount of rainfall. 

The journals of the Austrian Socie^' for Meteorology for 1807, 1869, 
and 1871 contain many very interesting treatises on the influence of 
forests on rainfalls and climate, to which I beg leave to refer. 

The distinguished natnialist Dnvid Milne lloirie. ]>rcsid(Mit of the 
Scot< h Meteorological JSocicty, has communicated the following experi- 
ences : 

Wood being a poor conductor of heat, it has been established by ob- 
servations that trees are cooler in summer and warmer in winter than 
the air in which they grow, and they have therefore, the tendency to 
equalize the temperature of the different seasons. Trees have a cooling 
eli'ect in summer in three ways: First, they protect the ground against 
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the powerful effect of the sun; secoud, by the evaporatiou from their 
leaves; and third, by the radiation of the latter. 

The French naturalist Boussingault, and Strzelecki also, have repeat- 
edly observed while tr!iv«>lin'i- in the tropics that the radiation of forests 
at Di<;ht lowers the temj)eraruro of the surrounding air to such a degree 
that whenever the sky is clear the aqueous vapors which iloat in it are 
condensed into the form of a shower or heavy dew. 

It is a fixed foot, which has been proven by numerous observations, that 
the clearing: of forests dries up springs, and that when they agaiu grow 
the latter tiow more abuudautly and regularly. This has been sub- 
stantiated by the naturalist Becquerel. Boussingault says: " It is my 
opinion that the clearing of forests over a large area has always the 
^eet of diminishing the annual lain&il." The learned Ooultas makes 
the following comparison: 

The ocean, winds, and forests may be considered a8 the different partM uf a great distillery. 
The sea is tlie boiler in which steam is created by the heat of the sun. The winds are the 
pipes which lead the steam to the forests where a lower temperature exists. , For this reason 
the steam ia condensed, and in this manner forsvts dJbtill showors of rain from the maassa of 

clouds floating about in the air. 

Similar views have also been expressed by several naturalists, as Iler- 
shel, Arago, Kanitz, I^ecoq, and Tchihatetf. The commission which 
was appointed in England in 1851 to examine this snlgect anived at 
the foUowing eonolusion: 

In 3uch countries in winch the preservation of the water supply is of |g;reat importance, the 
recklees deBtructton of forests in those r^ons in which the springs exist must be resolutely 
advised against. 

The learned Blanqoi s^ys also: 

The terrible droughts which desolate the Cape Verde Islands must be ascribed to tlie destrue- 

tion of the forests. On the island of St. Helena, ^vllere the \voode<l jxjrtions have increased 
oonsiderably iu area during recent years, it has been observed that the rainfall has been in- 
CTsaacd in proportion. The amount of this is now dotible that of the time when Napoleon I 
resided thei-e. In Lower Etrvpt, wln re it rained but seldom in the pa.-it century wnen the 
French occupied it, and not to exceed twelve days annually, there id now an abundant rain 
dnrinj^ thirty to forty days in the winter. This change is ascribed to the circumstance that 
the Viceroy B of Egypt have caused about twenty million trees to be planted below Cairo. 

The naturalist Maichaad also mentions the following interesting case, 

"viz: 

Before the felling of the forests, which him taken place in recent years in tlie valley of the 
8a1a, the Some delivered a regular and abundant supply of water for the ii*on-works at 
Unterwyl, and neither drought nor heavy rains had any marked effect. Now tlie Some has 
become a wild creek iu wbicn every rain produces a tiood. After a few days of hue weather it 
lUls so rapidly that it became neoessaiy to change the watw-wheels, and finally to erect a 
steam-encnne to prevent a stoppaire of the works for want of water. 

Meldrum, the director of the ob.servatory ou Mauritius Islaud, lias 
found that since 1852, when at least 44,l.')r> acres* had been cleared, the 
rainfall, humidity, and pressure of vapor have decreased, and, on the 
contrary^ the flooids and dry periods have increased. Dr. Graham is 
Terjr decided in his opinion that the quantity of water in the springs 
and rivers of the Madeira Islands li;is de('t'<'nsed in consequence of the 
cleariuj^ of its forests, and that the treivs have a powerful etfect ou fogs 
by retaining aud condensing theiu. The report of Mr. Mathieu, i)ro- 
fessor of the imperial school of forestry, was published by the Fr^ich 
Gtovemment, in which he shows that it is proven by experiment that the 
amount of aqueous vapor over a cleared field is five times as .i?reat as 
over ground covered with forests, which he considers equivalent to an 
increase iu the annual rninfall in sections of countries covered with 
forests. Prof. n. W. Dove, one of the hrst authorities in the knowledge 
of weather, says: 

3 * Morgen = 3,05^ sc^uare yards. 
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Enro|>e has worked itielf into eontfnually iiregtilar rainy mwmnis by th« moderik eulHrft- 

tion of itH lands, which crowds off the forest rrcklt'Hsly. and which caiises its rivere to W 
nearljr dry during long perioda, while during others their banks can liardlj' retain the masMB 
<rf watw which are poured into them. 

Dr. B. Grager, an ardent scbolar of Dove, asflerts in his popular 
treatise on the knowledge of weather: 

In such places where Avant of judgment or the greed of gain has not disturbed the natural 
conditiotjh, and cnlrivated fields and wooded landc alternate in u certain manner, a healthy- 
regulation producer i(s own rain, which in tura again nourishes it; while on the contrary a 
thoughtless and planless destruction of the forests, wliich it ie the custom to call cultivation 
of the eoil, often destroyH it» fertility forever. Sicily, the fbmier granary of Rome, furnishee 
a fearful voucher for this. Its interior now resembles a desert, not only berause. as Liebig 
aapposee, the soil haa been ezbaosted (»f nourishment for vegetation, but far more because 
its culture has been driven to the highest point, that is^ its monntalne have been cleared 
to their tops. 

If the opinions of these luitiiiali-st.s and expert.s, whieh are based npon 
long experienee, observations, and experiments, gained and made in 
different portions of the globe and in diJierent countries, are now added 
together, it will be fonnd that forests have the following effect on the 
discharge V of springs and streams, the character of the climate, and 
fertility of the soil, viz: 

1. The existence of forests in a eoniitry in<Teases tlie amount of rain- 
fall, because ibe fogs and clouds, saturated with aqueous vapor, wbicli 
sweep over it, are,~in the first place, condensed by contact with them 
and fall in the shape of rain. Again, since the temperature in forests is 
considerably lower in daytime and higher during the night than over 
the adjacent fields and meadows, a continual circulation of air is created 
around them, and this draws tlie fogs and rain-clouds and causes them 
to empty their contents. It is, therefore, not on account of the forests, 
bnt in consequence of the change between wooded and cleared sections 
that rainfall is increased.* It is also quite probable that forests attract 
eTonds, deprive them of some of their electri<'ity, and thus increase rain- 
fall. It is, besides, a known fact that a large jiart of rain is held by the 
leaves of trees, and that a part of this falls to the ground slowly, and a 
part evaporates and then is again precipitated as fog, dew, or rain. In 
other words, the same rain is retained longer in wooded countries, is re- 
peatedly precipitated, and increases the rainfall there. 

2. Forests increase the amount of the sul)t»^ri anean seepajre and water 
in si>rings considerably, since the rains, being retained by the leaves of 
the trees, fall to the earth slowly. They are then retarded in their flow 
by the spongy surface, and are partly soaked in and partly sink into 
the deeper la-yers of the earth. The latter is made more easy by the 
roots of the trees, which are spread out over a lar<ie extent and make 
rents, splits, and cluuiuels in the soil, which cause more water to ooze 
in and sink deeper in tbe woeded ttbaD< m the cleared tracts. It has 
also been established by exi>erimieiitatl]at the aqueous vapor which forms 
over cleaied fields is at least four or five times as jtrreat as that over a 
woo<led tract, and c«msequently that the water wliidi lias uozcd into the 
soil of the latter does not vaporize so easily, but is retained and serves 
to feed the seepage springSiaod rivers.- 

3. On extensive deoKin^, especially in mountainous regions, and 
even in hilly countries, the raindrops fall upon the l)are jxround with 
vehemence, tear it open, and then ll<>w down tlu^ mountain sides with 
great velocity and carry earth anil debris toward the creeks, river's, 
and streams. In thia mamieii tbesettiater^ourses are suddenly filled to 
excess, and, as the table befoDe> os fihowa, cause higher and more de- 
structive overflows than was the case when the forests existed. 

* According to Dr. Beiger at Frankfort. 
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4. Extensive clearings in a country also increase the dryness of the air 
ill summer^ and this increabes the length of dry seasons, which naturally 
diminishes the festiSiit^ of the soil. 

These very detrimeDtal effects of dealings ^how themselves quite 
]>lain1y in Palestine, Persia, Greece, Spain, and the Canary Islands^ 
whicli were all once Messed with rich vegetation. 

A further cause of the decrease in the discharge of s|>riii<;s and 
streams of many countries in Europe dunnu the last decadi's is the 
emptying of lakes and ponds and the drainage of swamps and marshes. 

These reservoirs held large quantities of water during rainy seasons, 
which would otherwise have passed of!" in crer'ks or rivers in destruc- 
tive floods, and then partly an<l abundantly fe<l the sul>terranean seep- 
age and sjuings, and through long periods, and partly raised them into 
the atmosphere as aqueous vapor again, soon to be precipitated in the 
shape of refreshing showers. 

The removal and emptying of these numerous large reservoirs, as 
well as the construction of the nnmberless drainage ditches on roads 
and in the fields, by which the rain is rapi<lly led to adjacent creeks and 
rivers before it has time to ooze into the ground, have al8<> had a very 
eottsiderable ^ect in diminishing rainfall, drying up of springs, and in 
ihe rapid filling np of rivers and streams (hiring heavy rains. This 
opinion was presented in the most convincitig manner by the distin- 
piishod naturalist, Becqnerel, in his re])ort to the Academy of Sciences 
ill Pal is on the causes of the increasing <h'structive overflows in France. 

Tiie well known naturalists and professors, Drs. Keraer and Hun- 
folvy, who are thoroughly acrpiainted with the conditions of the soil of 
Hungary, have shown in detail in their treatises on this subject that 
Uie improvement of rivers by which it is intended to reclaim about 
6.06.") s<jUiHe miles of swamps and overflowed lands will surely diminish 
local evaporation, make the air drier and continental, and tiually 
diminish and lower the subterranean waters. This will result in a sink- 
ing of the water surface in the rivers, and both of these experts have 
therefore i>re8singly recommended artificial irrigation and atYbrestation. 

A thinl reason for the proven decrease in the water supply of springs 
and streams is without doubt the fertilizing, cultivation, and improve 
ment of lands, which has been executed on a grand scale and is in- 
creasing from year to year. 

It will he dear to all that the sparse grasses of natural pastures, 
meadows, and fallow fields consume only a small part 'of the rain which 
falls upon them, and that therefore the remain<ler serves to feed subter- 
ranean seepage, sjuings, and rivers. On the < ()iitrary. the rank standing 
grain and forage and juicy garden plants wliich grow on fertilized soil 
eonsnme a far greater portion of ttte-^ralBffiiny'ttnd conseqnently leave 
but a small part for fieeding springs aiidfttvers. 

Moi f'over. it is also generally known that in cultivated countries large 
quantities of water are drawn from the creeks rivers for extensive 
irrigation of meadows, llanlly one half of these ever get back to these 
water-courses, the remainder being consuined by tlie forage, which 
grows in larger qnantities and more nmkly on the^ irrigated meadows. 

It will be a«lmitted that the amount of water which is consumed by 
the growing vegetation itself, as well as by irrigati<ui, and thus taken 
from the streams, is very gjeal. If it is consi<lered that this takes 
place during nearly the wh(»le of the year in a b isin of a stream from 
66,650 to 260,600 sqnare mil^ in e.vteiit. although this goes on in sep- 
arate portions, and apparently 'in n small' amount, yet it amounts to a 
oonsid«*rab1e quantity during the long period of time and over the great 
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area, and has undoubtedly the eti'ect of lowering the mean stages, which 
we have shown has takeu place. 
Another circumstance which contributes materially to themaking wild 

and raising of the beds of rivers and streams must be mentioned here. . 
In order to derive the <^reatest beueHt from the soil, the cleared portions 
and portions of steep mountain sides are more freqnently plowed up 
and converted into cultivated fields, in order to receive from them even 
l^e sparsest yield. 

During heavy rains the soil of these fields, as well as the debris under 
it, are easily washed of!", and "gutters are niaflc in these plowed nionnt- 
ain sides by the rapidly rushing waters. These are generally eidarged 
into deep furrows and gorges, and the whole washed-out mass of earth 
and stone is swept into the adjacent creeks, rivers, and streams. Here 
it remains in consequence of the diminished motive power of the water, 
raises the beds of these water-courses, converts them into wild streams, 
and assists inat«'rially in ineroasinp: the height of destructive overflows. 

Again, since on tliese steep mountain sides very often a layer of earth 
oidy a lew feet thick lies upon this lock^ this, clearing and plowing 
robs it of its cover and protection, and it is loosened. The rains oose 
through it to the rock, make the surface of the latter slippery, and then 
frequently the whole mass of this layer, earth and debris, slides down 
the steej) rock surfaces as so-called land-slides, even into the beds ot 
the creeks, and thus dam the latter and cause the upper valleys to be 
overtiowed and converted into swamps. 

Any one who has ever fully observed the ruinous effects of the 
clearing and plowing of steep mountain-sides, and has followed these 
efVe(;ts into the rivers and streams, will surely substantiate my assertion 
that the destruction and danmge caused thereby to the adjacent banks 
of the lower portions of the creeks, rivers, and streams, and even to the 
state itself, are often ten thousand times greater than the benefit derived 
. by the land-owner who clears and tills these mountain-sides. If these 
fiaicts are established by experts, I believe that the government is not 
only justified, but that it is its duty to forbid land owners to clear and 
till their steep mountain-sides, for the i)rotection of adjacent laud-owners 
and stopping the further conversion of rivers and creeks into wild 
courses; that is to say, from public considerations. 

Finally, I must also add to the causes which produce a decrease in 
the height of stages in rivers and streams the increase of j)opulation 
and domestic aninuils in cultivated countries. It is generally known 
that man and his domestic animals (ionsume a large (juautity of water 
for drinking, cooking, and other inirposes, which is obtained partly 
directly from s])rings, partly from the subterranean wat^carrying 
strata by means of wells, and, finally, from creeks and rivers. The 
number of domestic animals increases in about the same proportion as 
the number of inhabitants. Exi)erience shows that man uses for 
himself and his animals about 10^ gallons per capita per diem in cities 
and towns, and that scarcely one-half of this flows back as waste into 
creeks and rivers. 

. If I now mention the fact that in the basin of the Danube, about 
26fi,0()0 square miles in extent, the increase in population during the 
period of 32 years, in which my tabulated gnnge-readings were taken, 
has amounted to 6,0(K),0()0, it follows that the 8,125,000 gallons daily, 
due to this increased population, which no longer flows back to the 
Danube, amounts to nearly 1(10,000,000 cubic feet per annum, and that 
this must certainly have also had some eft'ect in the large reduction in 
the mean of the gauge-readings at the station at Orsova. 
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Kow if we consider carefully and collect together in our minds the 
retroaction which has been shown in this chapter to have been caused 
in the conditions of discharge of springs and streams hj extensive 
clearings, emptying of numerous lakes and ponds, drainage of marshes 

and swamps, cultivation and irrigation of fields and increasft of 
po])nlati<)U in cultivated countries, we must arrive \ii t]ie conclusion, 
independent of the data gained by gauge-readings, that the discharge 
of the springs and sti^ams of Central Europe must have decreased, and 
particularly in those portions where the bed of tiie stream has not been 
raised by deposits. 

Tlie decrease which has been shown in the first chapter to have taken 
l)iacc in tlie liei^iht of tlie annual low and uu^diuui stages, as well fis in 
the discharge of their streauis, by gauge-readings taken during long 
periods,; establisheil the correctness of the observations, opinions, and 
conclusions given in this chapter. 

y. PROPOSED WAYS AND MBANS TO GOUNTBBACT THE CALAMITIES 
WHICH RESULT ON THE ONE SIDE FROM THE INCREASED DB- 

STRrCTIONS CAUSED BY HlfiHEIl AND MOKE FREQUENT FLOODS, 
AND ON THE OTHER MY THE CONTINUAL DEf'HEASE IN THE 
WATER OF SPRINOS AND STREAMf^ AT LOW AND :^IED1UM STAGES. 

It has been seen from the detailed proofs given in the preceding 
chapter that these calamities are not caused by constantly acting natural 
forces, bat are prodnoed mainly by the fact that the inhabitants of 

cultivated countries selfishly and recklessly drain the earth's surface of 
its yield and tliereby partially change its fignre in a disadvantageous 
manner. Althouf-h it is not diffieult now to determine measures and 
arrangements to check these calamities, it is clear that these measures 
can only be suocessfally carried out by overcoming many difiScnlties and 
the expeuditnre of considerable means daring a. long period of years, 
and only then if, besides the goverinuent, the more intelligent at least of 
its inhabitants reeoonize the pressing necesdity of thebC measures, and 
if the former tnke hold energetically. 

It is natural for us, before beginning a great undertaking, to look 
around in the world and in history to ascertain whether or not some 
constructions or works have before been executed nmU i sinnlar circum- 
stances and from their success to have our minds placed at ease in 
regard to the success of the one which M'e arc about to undertake and 
also to utilize in our own the experiences gained in the construction of 
the others. I will therefore first mention a highly noteworthy example, 
and the only one in existence, to show how the oldest cultivated nation 
^f the earth, the Chinese, freed their country from overflows resembling 
deluges, and converted it into blooming fields. 

About the middle of the last century a work of forty volumes a]tpeared, 
entitled, *'fc)chui-Hing Kin-Kien, " or history of the management of 
Ohinese waters, fh>m which some very interesting data were published 
in the AllgemeineBauzeiting" (Wien, 1858,) *from which Iwillhereonly 
briefly mention those which bear upon our theme. 

The Chinese Empire, which has at present an area of about 5,554,275 
square miles and a population of alxmt 3G(>,()0(),000, lies ou the eastern 
slope of the Asiatic highlands, and at the same time of the. highest 
mountain peaks of the earth, from which two ranges extend from west 
to east as far as the sea and divide it into three parts. Many large and 
powerful rivers and streams rise in these 'highlands, which are covered 
with eternal ice and snow, and their tloo<ls rise U) great heights, which 
formerly swept over and destroyed the whole country like a deluge. 

* Qeneral Jottrnal of Architeeture, Yieima, 1656. 
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About the year 2300 B. O. a new deluge poured down over China, and 
Yao, who wa» emperor :it that time, saw to the ministers: ''The mon- 
strous waters of the deluge have spread and ovwflowed everything; 
mountains are buried in its lap ; hills are buried therein ; its tossing 
billows seeui to threaten heaven j nations are tieeingj who can help 
themt" 

After Minister Knau, who had been recommended for this purpose, 

ha<l shown liis iMetii< i«'iH v l)y nineyearsof unsuccessful work, the emperor 
<'alled a very intelligent man, Yii Scliiin, the son of a simple peasant, as 
joint regent and successor to the tliioue, and intrusted him with the 
erection of the works of protection against the water. He executed 
these with remarkable circumspection and great energy, and yet a part 
of the good lands were still covered with' water after thirty years spent 
in .^reat exertions and erection of works. 

Assoon as Sciiiin as<'ended the tinone he called the distiiifiuislied man 
Yii, tirst as minister and then as joint regent, an<l he accomplished the 
moAt astonishing result during his activity of 62 years. 

Yii regulated and canalized the most of the larger rivers ; changed 
their courses; erected strong levees; duglai <^e lakes and ponds many 
square miles in extent, in order to ^atlu'i- the sur))lus waters of the 
floods, to he sub>e<]uenlly used for the ii i ii^atioii ot st<-riIe regions, and 
he built a whole network of waste and feeder canals, in order to reg- 
ulate the great velocity of Ktreanis, to facilitate navigation, and to for- 
nish the water for necessary irrigation. One of the bohiest, greatest, and 
most successfully exe<*ute(l works of Yii is unquestionably the changing 
th«* course of the Hoang Ho, or yellow river, in uiq)er Schen Ssi. The 
niountanis of Long Men foruierly diverted this great river to the east- 
ward, and thus often exposed the capital of Ki-tsheu to dangerous over- 
flows. To protect the city agaiibst this, and in order to give the course 
of the stream a better direction, Yii opened anew bed for it through 
the LongMen range by blasting out tlie rocks and transporting the ex- 
cavated material to a long distance. After the colossal work was com- 
pleted, and the river had taken possession of its new bed and appeared 
on the other side of the Long-Men range majestically flowing southward, 
Yu being satisfied with his work, caused a large inscription' to be cut 
into the rocks, of which, although nearly destroj-ed by the tooth of 
time, enough remains after 4,0(M) years to attest to the enterprising mind 
and liigh intelligence of the lirst minister of Schiin. 

The foregoing brief i-eferencte shows that the two distinguished men, 
Schiin and Ytl, can be considered as the real saviors and founders of 
the Chinese Empire, since with their eminent talents and knowledge of 
hydraulic constructions, they freed the counti'y of deluging overflows, 
and taught their peojile how to repair and ])revent damage cause<l by 
floods; they had proven to the Chinese that with their dangers they 
possessed fruitful sources of wealth, and that it was a necessity to main- 
tain and complete the original works, and to fight the mshi'ng waters 
continually. Although the Chinese have foIIowe<l this advice faithfully 
at all times, and have continued their works of y)roteetion against water 
with extraordinary labor and means, yet unusual floods have occui red 
from time to time; these have destroyed provinces, many cities and 
towns, and buried hundreds of thousands in their billows, but the tire- 
less industry and the endurance of the Chinese people has always 
repaired all <lainage and executed new and stronger protecting works. 
More than 200 emperoi-s have contributed to the construction of these 
laborious and artiticial works, and wliich required enormous sums of 
money, by ordinances, advice, granting marks of distinction, and par- 
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ticalarly by very liberal subsidies. Qomv of the emperors did not dis- 
dain making plans and estimates for the new works with their own 
liauds, and the nobles of the Mongolian Tartars who had conquered 
(jliiua in 1280 were compelled to come to the resolution to preserve the 
bydraulio works and continue their fiirther construction in order to 
maintain themselves on the throne of Ohina. 

r will now enumerate briefly the labor and works which the Chinese 
(lid durin;; the lonjr period ot 4, (UK) y<';ir8, and at an expense of their 
best i>owers and tireless industry, for the puriiose of making- war aj^ainst, 
carrying oil and making use of the great rtoods which threatened their 
eoutitry, and the successes which they have g:ained by these works. 

First of all, the streams and rixers of the extensive realm were 
thoroughly improved; very often led into newly exem pted beds and in 
other (lire<*rions; canalized and inclosed with powerful levees to pre- 
vent their overflow. Many very large lakes and ponds from S44^ to 
1,710J square miles in extent were excavated and inclosed with strong 
dams, in order to catch the enormous flood waters which at times poured 
down from the highlandSt to distribute them eventually into dis* 
tiint districts for the puri>oses of making them arable and irrigating 
them. 

In this large country a network of more than four thousand canals, 
many thousand nSiles in length, were constructed for the purpose of 
4K>nuecting all the rivers and villages with each Other. These had the 
threefold purpose of taking u]) the floods of the ditterent rivers; of dis- 
tributing these and em]»loying them for the irrigation of sterile tields, 
and to (treate an extremely lively commejce and the cheapest transpor- 
tation throughout the whole country for the products of its soil and 
manutiEMtories. 

The greatest and most interesting hydraulic work which was ever 
constructed by the Chinese is, however, tlu' Vii Leang Ho, or as it is 
generally cMlled. the Yii-Ho, the Kmi)ei'or''s river or K!ni)eror's ranal. 

This canai traverses China from the north to the south without 
any break; has a length of 1,178^, or, according to some accounts, 2,121 
miles; a width according to the requirements of commerce of firom 155} 
to 1,037 feet, and a least depth of 8 feet 3.50 inches. It passes through 
mountain ranges which cross its path, crosses valleys, intersects all 
water-courses flowing from west to east, and tlierefore the greatest two 
streams of the realm, the Hoang Ho and Kiang, and connects the latter. 
The Emperor's canal, which is j i istly admired by aU, also serves the three 
purposes, heretofoi'C enumerated, so completely that it has contributed 
materially to the increase of the agriculture and commerce of the coun- 
try. In addition to these large <'anals just mention«*d, which form a 
complete and very intelligenily coinl)ined system for internal commerce 
throughout the whole country, there are in China an immeasurable 
number of smaller drainage and irrigating canals which were con- 
structed for the purpose of draining swami>y lowlands, and thus mak- 
ing them arable. In eailiest p("iio<ls, aheady, so called artesian wells 
were dug for the irrigation of tiehls and particularly Iarg«' gardens. 
In the ilistrict adjacent to Thibet, 10,000 of such were dug, and the 
natural fountains of Tsi-TschUen reach a depth of a,2d0.7 feet. 

But the success of these wprks of the industrious and persevering 
•Chinese, which have l)een carried on uninterruptedly during 4,000 years^ 
is grand and worthy of admiration. 

The immense quantities of water wliich yet pour down from the high- 
lands of Asia, and which formerly dclugcil the country, ai e now caught 
by tiiie many large lakes and cap^s and applied to making sterile fldda 
fruitful. 
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The extensive lowlands, which this water once covered entirely or 
turned into swauips, have been coiui)letely drained, cultivated, and 
planted with mulberry trees, cotton, sugar cane, rice, and all sorts of* 
mill, and now indisputably belong to tlie most cnltivated and fertile 
lands, in which neither weeds nor wild animals find room any longer. 

China is indebted to this for its excellent system of agriculture, the. 
rich yield of its soil, tlie developiiient in a relative degree of industry 
in all of its branches, and finally to the facility which has been given 
to trade and commerce by its improved rivers and nnmerotis canals, for 
its ability to support its ]ar;^e and dense population. Some of this pop- 
ulation are already comi»elh'd to construct their places of abode on the 
streams and canals in order not to divert the soil from cultivarion, an<l 
thus many large cities have come into existence which, like Venice, are 
situated in the midst of a labyrinth of canals. 

From the foregoing brief reference to the admirable and favorable 
results of Tlie hydraulic constructions of riiina we Bnropeans are 
assured that we can succeed either in removing entirely, or at least iii 
making harmless, the dangers from our increasing fioods, and that we 
can even make them nsefnl. Onr.floods are quite small compared with 
those which formerly deluged China. AU that we need is the knowl> 
edge, energy, and i)erseverance of that people in executing the works 
which are recognized as necessary. It can be seen fi'om the work of M. 
J. Dumas, entitled " l^tude sur les inondations, causes et remede, 
Paris, Lacroix Comon. 1857," which received the prize, that it is possible 
to prevent floods in tne rivers and streams of Europe. This book con- 
tains a %-ery detailed and thorough discussion of this question. It was 
published in order to compete for the prize which was oflered \>\ rlie 
Imperial Academy of Sciences at Bordeaux in coiise(]uence of the exlia- 
ordinary overflows which so terribly devastated and desolated southern 
France in 1856. 

The author, after having studied the subject carefully, says that it is 

true that it does not lie in the power of man to remove the original 
causes of floods — that is, the very heavy rains which sometimes occur, 
and the shape of the earth's surface — but that, however, there are means 
by which these floods may be made harmless. 

The anthor recognizes it as a fixed fact to start with, that floods be- 
come more numerous and. so to speak, nu)re regulai- by the deal ing of 
mountains and cultivatii^n of former wooded aieas, and that the meteor- 
ological eflects i)roduced by clearings are much greater and more inju- 
rious than is commonly believed. 

As a result of numerous measurements in the four hydrograpfaic 
basins of the TMione, I-oire, Garonne, and the Seine, Dumas then com 
munieated tlie very interesting fact that the (]uantities of waters w hich 
pass over the banks of a stream during extraortlinary floods, and which 
produce the overflow, hardly amount to ^ of the annual discharge of 
the stream, or, on an average, ein the total annual rainfall in its 
basin. Now since the quantity of the waters contributing to overflow 
is by no means as great as is generally supposed it will be possible to 
retain this part of the rain, as soon as it falls, in low grounds, reser- 
voirs, canals, ditches, and larger and sm^ler valleys. The means pro- 
posed by Dumas to accomplish this purpose will be considered in stating 
my final conclusions. 

I will now give the following notable examples of means w hich should 
be adopted in order to limit the destruction of forests, which is rajudly 
getting the upper hand, and to fai-ilitate afl'orestation, especially of 
- mountain slopes. 
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Colbert, the distinguished French minister of finance, during the 
reign of Louis XIV, who reoofrnized the incalenlable injuries produced 
by destrnction of forests, enacted stringent laws, in 1G69, for tiieir pro- 
tection Avhich were of the greatest benetit to the country. 

During the revohition, h(»wev<*r, most of the forests were devastated 
and destroyed, and on the one hand many siuings and creeks which 
were formerly replete with water became dry, and on the other hand 
the Hoods of rivers reached an unusual height and caused frequent and 
great damage. 

In April, ISO.S, already, a new law for tlie }in»tertion of forests was 
enacted, and as liiis was soon shown to be iiisuliicient the French gov- 
ernment called upon the most competent scientific men, such as Clave,, 
Buissingault, »S:e., to investigate this inii)ortant subject. The eliambers 
ado]ite(i two liiws whi<'h were submitted to tlieni in 1 Sail and 18(10 by 
the Imperial Fr«'iu'h ;:«>vcniment. jiud which wm* based u]ion the opin- 
ions given by the scientihc authorities. The one tixes more stringent 
limits to cutting down and clearing forests, and the other encourages 
land-owners to tree-planting. An annual appropriation from the na- 
tional treasury of one million fhincs for a period of ten years was made 
for the latter purpose. 

In Scotlan(l also, since i810, annual prizes are distributed to land- 
owners for att'orestation. 

In the United States of America, where the senseless removal and 
" destruction of ancient forests by means of fire has already begun to 
exhibit great evil ef1'«'< ts, the Agricultural Society of Massachusetts 
voted a prize of -il.tXK^ for that hind-owner who should during the next 
five years jdant the largest area with trees. 

Mr. David Milne Home^ president of the Scotch Meteorological 
Society, in his work on the increase of the waters in springs on Malta^ 
and the improvement of its climate, gnve the Koyal Ftiglish government 
the following advice, which was based ujiou his own researches and the 
observations and oi)inions of distin^iuished experts, wliich have been . 
given by me in the preceding chapter. His advice was that, in order 
to increase the quantity of water in the springs on Malta, to inii>rove its 
cb'niate, n!id to inerense its fertility, it was absolutely necessary to ;itt'orest 
the heights on the ishind. This sh(»uld be accomplished by the govern- 
ment by tirst planting the government domains with trees, then by 
enacting laws for the protection of trees, and finally by offering a pre- 
mium to e\ cry land-owner who should plant a considerable number of 
acres of land with trees. 

After 1 have thus, in the forej:(»iTi<:, given the oi»inioris Mi'id projects of 
the most distinguished naturalists and experts, and have mentioned the 
attempts which were made and the experiences which were gained 
during many years in other countries, it will not now be diflBcult to pro- 
pose the arrangements to be made and means to be taken to prevent 
the great calamities whi<'h result on one side from the more numerous, 
higher, and consequently more destructive overllows caused by tioods, 
and on the other side by the continual decrease in the discharge of 
springs, as well as in rivers and streams at their low and medium stages. 

I deem it only necessary here to consider these arrangements and 
means briefly, since their necessity and usefulness is already shown by 
the opinions and experiences which have been enumerated, and because 
a detailed description of the manner of making every arrangement would 
exceed the limit of this treatise. 

In order to avoid the calamities which have been mentioned, the fol- 
owing arrangements must be made and measures taken, viz: 
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1. For the general protection of forests, and partfenlarly against the 

destruction of these on mountaia sides, rational hiws must be enacted 
and their obedience enforced ;ind insisted upon wirh frreater severity. 
Daily experience teaches that the forestry laws whieh now exist in moist 
countries are either incoiuplele or are not obeyed by owners ot forests, 
and that thus one portion of the latter after another di8api)ear8. 

2. Government should lead with a ^<>od example by introclucing on 
ite domains a well-regulated administration of forests, and by planting 
all bare i)laces, especially on niountaiii sides, with tiees. They should 
also, through weil compiied printed circuhirs, call the attention of agri- 
cultural societies, large laud-owners, and sepiirate communities, to the 
great injuries whicli result to them through the destruction of forests, 
and the great benefits that will be gained by tbein by afforestation. It 
can only then be expected that the indivi(lii;il connnnnitifs and laiid- 
owuera will labor with united strength and assist the ellorts ot the 
national goveruiuent in this directiou when the whole populatiou have 
thoroughly learned the great influence of forests on the fertility of the 
soil, on the security against overflow, and the maintenance of a regular 
water-supply in si)riii,Lrs, creeks, rivers, and srreanis. 

It is, however, indispensably necessary that the govt'ininent set 
aside suitably large sums during a long period of years as premiums 
for the encouragement and assistance of those land-owners who plant 
large areas, and especially unfavorable ones, wiUi trees. No real tax 
should be levied on sneh alforests duriiiji a long period of years, since the 
owners have in the first years a t'oiisidcrable outlay, and only derive 
beuefit from them after from 50 lu 50 years. 

3. The cultivation of cleared mountain sides and plowing of steep 
hill-slopes should be prohibited by law, since from these loosened steep 
slopes heavy rains carry large masses of earth and (icbris into the creeks 
and rivers, create lan(l sli<les and dams, till nj) and raise the beds of 
water courses, increase the overflow, and thus imperil the general public 
interests. Communities and land-owners should also be compelled to 
stop, without delay, the washing oflFof hilly slopes, in which gullies and 
sli<les have already been formed or are beginning to form. By means of 
suitable works and plantings, at such points where the evil has already 
acquired such large dimensions that the execution of such worlds would 
exceed the ability of individual oommunities and land-owners, the 
government should, in order to promote the general wel&re, give sait- 
able assistance. 

4. In very steep mountain valleys, in which the creeks at a flood- 
height undermine the mouu tain-slopes, roll before them large masses of 
debris, and then partly deposit these at their exit from the valleys as 
bowlders, and transport the remainder into the nearest rivers, raise the 
beds of the latter, and thus give rise to higher overflows, continnoas 
dams must be built across them. 

Since these dams hold back the debris in mountain gorges, and detain 
the waters produced by heavy rains in the basins created by them, and 
only allow them to pass off gradually, and thus serve a useful purpose, 
several of them should be built in rear of each other in most mountain 
gorges and long valleys. 

5. The present favorite custom of draining and drying existing lakes 
and ponds, particularly those which catch Hood waters and sometimes 
even debris and allow the former to flow off gradually, should not only 
be prohibited, but the effidency and value of the.se reservoirs should be 
increased by deepening them by re excavating their muddy and raised 
bottoms. The ex})euse of this will be reiiaid iu most cases by using the 
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mud excavated from these lakes and poods on the adjacent iieldsi for 
whieh it sems as mi exeeUoit manare. 

6. Large suitable dej^ressions near creeks and rivers which carry off 
lar^e quantities of water in heavy rains should be converted into reser- 
voirs by inclosiiij? tbem with strong; dams, into which at least a part of 
the floods can be led. retained, and tlieu allowed to run ott" gradunlly. 
The sides and bottom of these reservoirs can always yet be used as 
pastures or meadows. 

7. From these reservoirs distributing canals and ditches should be 
led in every direction as Hir as tlie shape and conformation of the ;::ronnd 
will permit, and tlms lea«l this harndess overtlow of water into those 
regions where they can be employed to the greatest advantage in fertil- 
izing, cultivating, and irrigating the land. 

8. At the lowest points of these reservoirs, and in large, level valley- 
pla ins, wells, as suggested by Dumas, should be dug. These wells should 

dn]U' about <» feet r>'| inclies in diametei-, and down to tlie low<^r water- 
lead in;;" layers; then tilhMl with stone, ;;ravel, and sand. Lari»:«* quantities 
of rainwater will then ooze into these, and hence they may also be called 
sinking pits. 

The swampy plain of the Panluns at Marseilles, which could not be 

drained by means of canals, was laid dry by King Ren<^ by the construc- 
tiou of such sinking pits. If no water-absorbinjj: strata is found at a 
depth of from 13 feet .'U inches to 19 feet inches, a iiole must be 
bored to such a layer. Mulut boretl several of these absorbing artesian 
wells at Paris to a depth of 265} feet, with a diameter of 5.9 inches, 
which absorbed 130j cubic yanls of water per hour. 

These sinking pits and abvSorl)ing artesian w<*lls liave also the great 
advantage in this, that the sul»terranean layers are fed by them, which 
increase the supply of water to springs or create new ones at distant 
lower points. 

9. According to the project submitted by Dumas, a whole system of 
subterranean ditches, 1 foot 7{k inches deep and wide, should be laid 

out in large, level valley jtlains, whieh shoidd he covered with tlat stones, 
gravel, and ( arth. The lilters or oozing canals e^ipedite the oozing of 
the water into the upper soil very nniteria^iy. 

10. By the measures which have just been proposed, it is intended to 
hold back the water which falls during heavy rains in the basin of a 
stream as much and as long as possible, and thus cause a great part of 
it to he partially absorbed into the lower strata of the earth's surface, 
and also to convert a ]>art a^ain into vai>or, and then allow the remain- 
der to How oft gradually into the creeks, rivers, and streams, after they 
have been made useful in the irrigation and cultivation of dry or sterile 
lands. 

But since, notwithstanding these j^roposed measures, large quantities 
of water will durin;^ h^'ig i^"d heavy rains tiow into the crt'eks, rivers, 
and streams, rise abo\ <• their banks, and produce <lestructive overflows, 
a suitable improvement of those water-courses aud a concentration ami 
inclosing of their beds to the normal width is absolutely necessary. 
In this manner their beds are deepened, their velocity of discharge in- 
creased, their water-surface lowere<l, and the dangers (riT overflow which 
formerly existed are in most cases renjoved. 

The improvement or canalization of tlie Khiue between llUuingen 
and Mannheim since 1817 gives us a brilliant and encouraging illustra- 
tion. In many portions of this river, its water-surface has been lowered 
about 5 feet inches to 7 feet .'^ inches, and the height of flood-stages 
lowered about t» feet 2.7 inches, and the former numerous destructive 
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overflows of the beaiitifnl plains in the vaUey of the Khiiie have thus 
been removed almost eutirely. 

11. If, notwithstanding the impioTdment of rivers and streams, and 
simnltaheous confiDement of their beds to the normal width, floods still 

rise over the banks and cause overflow, both banks should be supplied 
witii levees at a suitable tlistaucc apart form each other, iu order to 
create a suitably iiicrease»l cross-section of discharge tor floods. But 
attention mnst here be called to the £act that the biiildinj^ of levees 
alongf rivers and streams before they are improved is very injurious. 
The beds are then not deepened, but on the contrary filled up with de- 
posits sometimes even hi;;lier than the adjacent natural l>anks outside 
of the levees, and in case of a crevasse the dangers from overflow be- 
come far greater and more extensive. This can be seen on the Po, on 
most of the rivers in Northern Italy, and on those in Holland. 

12. I further consider it my dut.v to recommend the construction of 
navigable canals as means for renmvinpf overflows in a conntrv. and at 
the same time promoting its cultivation. By these the flooils which 
collect in the basin of a river during heavy rains can be led into other 
regions and used fbr the irrigation of dry lauds, and they assist in the 
evaporation of a part of tlie water contained in them and in supplying 
subterranean seepa^re and sjaing waters. 

Kavigable canals are particularly of incalculable benelit in flat agri- 
cultural countries, as, for example, Hungary is. The farmer can trans* 
poit the yield of his land in his own boat to great distances and without 
almost any expense; the cost of transportati<»n on canals is only about 
one fourth of that of railroads, and only ab<»nt one tenth of that of haul- 
ing on ordinary wagon-ioads. They therefore contribute in a very ex- 
traordinary' degree to the increase in cultivation of the land, the enliv- 
ening of internal trade and commerce, and promoting the welfare not 
only of single 8|)eculators, but of the whole populations. This can be 
plainly seen in Holland and China. 

If the measures which I have proijosed are carefully C(msidered, it 
must be admitted that their complete execution in the course of a long 
series of years will demand great labor, considerable money, and par- 
ticularly the united and energetic co-operation of all the inhabitants of 
a country. 

If. on tlie other hand, we look u|)on the remarkable success and re- 
sults of these works in China and the plains of the valley of the Hhiae, 
and consider the suggestions made for France in the prize-crowned 
work of Dumas, we can be confident that we can present the calamities 
which on one si<le tinea ten us from increasing floods of riveis an<l 
streams, and ou the other from the continual decrease in their discharge 
during low and medium stages. 

It will also be manifest that the execution of these measures wiU re- 
turn a large interest, will improve the cultivation aod welfare of the coun- 
tries, and enable the latter to sustain a more numerous population than 
at present. The emigration of people fipom Europe to America would 
then no longer be necessary. 

These arrangements and measures^ however, can only be inaugurated 
and begun by the higher goverments. They need for their execution 
the enactment of many important laws, the adoption beforehand of uni- 
form plans of operations for a long series of years, considerable money 
and labor, and the sympathy of many antagonistic private interests. 1 
therefore take the liberty to commend this treatise to the gracious 
appreciation of those enlightened statesmen and representatives of the 
realms who are charged not only with the welfine and prosperity of 
oonntries for the present but also fbr the future. 
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At the same time I earnestly beg all friends of the natural soiences. 
and particiilarly my esteemed cotleapies, to subject the highly importaiit 

qnestion discussed in this treatise to a most thorough examination, and, 
if convinced of the correctness of my proofs and conclusions, to apply all 
their power and energy to the timely initiation of suitable preparations 
andineasures to prevent our beautiful mother countries from being gradu- 
ally oonyerted into deserts, and to guard future generations against 
aerttre calamities. 
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J. — Table of Gauge-reading* of tiie Rhine at Emmerich. 
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1.68 
2.98 
4.72 
0.01 
9. 16 

10.27 
9.68 
8.48 
9.84 
7.18 
6.48 
6.16 

■9.66 



240 



8.87 



98 



M^an 



7.01 



10.78 



11 t>- 



664 



22 



4.8T : 



2.21 



1800 


10 


8.67 


1810 


9 


2.36 


11 






12 






IS 


1^ 


Tw 


14 


7 


4.25 


1818 


8 


10.89 


16 


18 


7.89 


17 


11 


10.21 


18 


8 


10.17 


19 


7 


6.90 


1880 


8 


8.86 


81 


10 


8.85 


S8 


7 


4.16 


SS 


8 


9.08 


84 


12 


2.95 


1885 


9 


1.46 






4.15 




,J 


8.05 


88 


9 


8.98 


29 


9 


6.41 


1830 


9 


8.46 


31 


'J 


11.34 


82 




7.91 


33 


? 


6.61 


34 




7.96 


1836 


7 


9.91 



NoY«niber28. 
October 16 — 



Januarys?. 
October 22-26.. 
JanuaiT29. 
Novembflr 2,8....^. 

December 8,9 

December 30 

January 9 

December 31 

January 8 . 



December 26 

January 2 

F^bmary 22,83-..-.. 



October 20 

Jaaoaiy 14 .- 

Febmar J 23 

Mot«mtaerlO 14 

January 25 ... 

January 2 : 

February 3 

October 29— November2 

January 15 

0otdber44xr 

December 24-26 



4 
4 



2 

3 
3 
6 
6 
1 
2 
4 
3 
1 
1 
6 
4 
2 
3 
4 
1 
1 
3 
3 
2 
2 
3 



4.62 
6.55 



0.71 
4.16 
0.29 
7.81 
10. (t2 
^.60 
6.89 
1.43 
0.04 

I. 39 
9.62 

10.02 
8.64 
6.86 
8.28 
.■S.iiS 
5.51 
9.62 
4.16 
1.07 
4.13 

II. 53 
1.07 



January 28 -. 
December 29. 



February 24 — , 
March 20,27-- 

March 9 .. 

January 23 

March 12 

February 26 
December 26.. 
Jaonaiy 88 — 

March l4 

January 1 — .. 

Febnuuy 13 

November 16. 
December 7, 
•February 27 . 

March 4 

January 17 

S«i>teniberai 

Febmanr28. 

March 8 

January 15-. 
Decembers?. 
January 5 
March 20 



27 
21 



IS 

19 

22 
24 
18 
28 
27 
20 
16 
19 
27 
22 
15 
25 
20 
17 
23 
26 
21 
26 
2fi 
14 



11.10 
6.44 



0.25 
9.87 
10.94 
10.06 
11.66 
4.37 
3.82 
6.56 
5.08 
1.69 
6.76 

ia«7 

10.84 
2.26 
7.90 

11.26 

10.19 
6. 12 

10.99 
7.60 

10.31 
7.22 
9. 12 



9* ' 231 



0.40 



Mean. 



2.89 



83 



5.18 



4.0i> 



657 



1L44 



22 I 3.82 



* 
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111,-^TaMt of Gnufjf-readings and dhcharrje of the Hhine at Germershtim according to the 
observationt, measureme ntis , and ni/nihitloiis of II. Grehenau. 





AimuAL Staob 
in Tekt. 

, r 


Amivai. piMniABm 

IN 

Cduo Yakim. 


1840 


3.8417 


53.f.:«i. 013, 273 


41 _ - 


4. e4 i.j 






2. (K«l 


44, 51*4, 733, 3t>2 


« 


r>.455" 


f.4. 4.M«. 519, 388 
W', :i8ti. h43, 673 


— 


4.8554 


184ft 


4.33:18 


'.7. It'C. 116, r.fX) 


4fl._'. 


4.9342 


6y,9r>(t, 352 

V) 4fifl 499 nift 

1IO(7f UVO 


4T 




4a , 


2.3392 


A 562, 866, 229 

62,126,724,883 
65, 841, 638, 100 
49, 819, SOS, 873 
47,822,198,094 


48...... . — .... — 


S.OS94 


1860 


8.7367 


51 


4.C02B 


88— ..-.w.... -»■■■—■■■».».-»-»»-.- .I. I...-..— ■ I..— 


3.2381 


1M9 -- 


2.9M6 


KctD fbr lMO-1853 




53, ir>4, 869,396 


MM—- 


\.mi 


39,642,093»419 


M6R. 


8. 6678 


62, 380, 044^394 
42,806,809,629 


W , ,, 






68 


-fO. olJe 
2.0898 


33, 261, 325, 584 
41,970,651,432 


59 . 


ISlttt ^ 


5. 1442 


lil,720, 222, 958 
42, cm, .'.OK, 311 
39,707.44h.:i.U 
42, 7or>, 802, 3G8 


61 


2.(i2-i2 




1. t>2< *H 


i 


2. t{12f> 


64--^ . . 


1 . 8954.-. 


• 41,402,844, lf>5 


1866 


0. 9514 


:t5,012, 984, 273 
f.U, Obl,.x.4,402 




3. 40f.4 1 




5.4361 


04,014,497,076 


]lMororl854-lW7 


2.3560 


44,061,059,828 


Decrawe in aeoond fieriod ; 


1.429» 


9,098,809,689 









4 
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/F.— >2Ule qf Omu^-readingt of lib .ffSe 9t Magdeburg. 



1T28 
tyj 

173() 
31 
32 
3S 
34 

1733 
36 
ST 

98 

1740 
41 
42 
43 
44 

1745 
46 
47 
48 
49 

17.V) 
51 
52 
53 
54 

1755 
56 
57 

1760 
61 

fij 

6:? 
*U 

fiO 
07 

177m 
71 
72 
73 
74 

1776 
76 

1777 



Feet 



7 

9 
9 
8 
8 
7 

9 
9 

10 
9 

10 
9 
9 
9 
8 
8 

10 
7 
8 

10 
9 
8 
8 
8 
8 
8 
9 
9 
8 



Inches. 



10 

\1 

12 
9 
8 

9 

9 
9 
9 



10. 37 
1. !)T 
4.21 

:n 

11.33 
4.67 

5.83 
3.70 
0.95 
7.26 

2.83 
3.96 
8.37 
10.68 
2.76 
11.98 
11.14 
1.05 
7. 5-> 
7.65 

I. 30 
9.69 

7. (10 
9. 35 
0. 98 
4..'»4 

8. 2-^ 
7. v., 
5.87 

10.38 
7.51 

4, K2 
1 o:i 
4 71 
I 71 
.;_ tiS 

11 7fs 

5. 40 
I'l. :W 

OK 

II. 4' 
.1. (I'i 
7. %<• 

11. It, 
3.73 
l.ii:*. 
3. 82 



Staoi. 



LOWUT. 



D»te. 



Feet. Inchei. 



.T A n nary 

N . ivenjber — — 
.luiiuar.v 

()i-tol>er 19 

l)ec«'mber 

August ...... 

N'oT«Biber ...... 

!►< cember 

Januarj 

Juljr 26..^ 

November 

January 2 

January 

December 24..^.. 
December 24. — — 

December 24 

.lanuarT 6 

November 

.IiiliP .30 — 

Si'ptouiber 

JanuHr>- 

September 20 

February 5 

.\U)rU8t l!» 

.lulv 4 .__ 

.litlv \:\ 

1>. rt inl>i'r 4 

.l.iiiiiitry 3 

( inlKsr 16 

.liilv l:i 

.luly ' 

Kn\ • ml i.-i ■.:'! 

Sriif-riil'iT 

|).V, |,|I„T lit j 

.latm.ir y l.i j 

\ii.ii-t"-.: 

Aii-ti«t 11 

ii.v. inl"T :n 

■litntutiy II .......... — 

IK-rciiiher 'Z0..„... 

February 7 

June 2:J 

November ll.__._._... 
I».c««mb«r 12 

.Ian wary 6 

.\iii;u8t 29 . 

OrtDber 2 

Ntivcmbcr 14 _ 
.*<ei>tciiiher 1 



5 
5 
5 
S 
5 
6 
6 
6 
5 
5 
6 
6 
6 
6 
4 
6 
4 
5 
5 
6 
5 
5 
5 
5 
5 
5 
5 
fi 
T) 
4 
4 
4 

b 

r, 
fi 
4 
3 
5 
6 

T 
I 

8 
5 
4 

5 

5 



6. 57 

(1. 75 
1.27 

7."t<; 

7.45 
1.27 
10.54 

0. 08 
4.71 
9.86 

11.05 
4.36 
3.87 
5.76 
3.33 
2.14 

10.18 
6.77 
B.58 
3.84 
3.84 
1.11 
1.27 
3.84 
7.96 
3.H4 
3.84 
7.'.»6 
".<. h\ 
•2. 14 
n. 7'« 

HI. Ih 

U.'.t.') 

1. 't4 
0. 7 'i 

;•. m 

7. 7.-. 
(I. 

h. 2'.i 

" ~ 

>. 1- 
h. 7 '> 

8. It- 
2.34 
8.65 

10. 
«>. 58 
3.84 
.5.65 



HlSHIBT. 



Date. 



3Iarch 22 

.\\>Yi\ 12 

.\pril 7 

.Miirch 27 

.March 2. 

D^'ccmber 31 

June 30 

June 2:1 

July 26 

January 28 

February 18 

Fi'tiruarv 28 

l>i i:i inbor 27 . 

Jatitmrv 18 

Miirth 17 

April 11 

March 13 

March 27 

A|>ril SO. 



8a 457 



Mean j 

for 8 
1728-77 



1.27 



10.00 



1778 


9 


3.73 


79 




9.27 


1780 


8 


6.8« 


81 


10 


8.22 


82 


8 


1.54 


83 


9 


8.82 


84 


7 


1.47 


1786 


8 


7.27 


86 


8 


3.21 


87 


7 


6.38 


88 


8 


0. 62 


8;» 


9 


3.42 


171HJ 


6 


4.45 


91 


6 


5.97 


92 


6 


10.04 


'^'^ 




3.70 


1794 




10.69 



278 



AuRuat 81 

June 14 . 

Avguat 14 

Septumber 5 

September 2ft 

Deoember M._..' 

Beptemb«r 10 

•Deoember 26 . 

June 23 ....... 

Auguat 29 

8i'pt«mbor 27 . 

Sc'pt*'niber 

August 20 

Septonib-r 27 

January 1 1 

January 14 

June 21, July Zb, Aug. 2. 



6 
4 
4 
5 
3 
5 
4 
4 
4 
4 
6 
5 
3 
8 
3 
8 
8 



0.39 



0.73 



3. ST. 
10.01 
10.-34 

fi.5H 

1(1. 

3.85 
7.2(1 
4.52 
9.15 
6.32 
3.86 
0.61 
6.80 
8.79 
3. 13 
10.85 
11.63 



Feet. Inches. 



December 21 

April 15 

February 6 

July 19 

March 22 

.\ngu8t 9 

l>»'tt'inl>er 30 

.laniDiry 2 

April 4 

Al'til 

-Sl-nl 7 

Miin li :io 

.Ijiiiiiary If! 

Ft'liniary 4 ... 

K.-I.ru.iry 28 

rrl.niiiry 25 >...,— 

I>,M lulx'r 9, 
.Iii;iiiat_\ 7 
.1:1 iiinr J. ir> 

K. ImiKi V 2'» 

M;.n h l'- 

.-iiiIxT 30 

\\'\\\ '.< 

July S 

March 6 

Jntiuarv 30 .... 

March ■■. 

Fi-hruary 16 

February 16 - - 

Miiri h 2fi 



14 

16 
15 
16 
14 

13 
15 
16 
16 
16 
Ifi 
15 
lO 
17 
16 
13 
17 
16 
16 
17 
17 
16 
16 
16 
16 
16 
17 
17 
16 
15 
ir, 
11 

16 
17 
l(i 
13 
16 
14 
13 
15 
16 
17 
17 
17 
10 
13 
16 
17 
16 
16 





802 


8.54 




16 


1.44 



.l.iriu.iry 31 ... 
Ii. o< niber 19_. 

March 13 

February 21 

Ai.ril 9 

January 20........ 

March 7 «^ 

April 23 

Auguet 31--4ept. I. 

March 8 

April 7 

February 4 ........ 

February 19....... 

Janoary 23. 

December 27 

Manh 10 

March 4........ 



14 


0. 88 


15 


7.93 


17 


3.66 


17 


6.68 


14 


9.46 


17 


6. .58 


17 


5.72^ 


18 


4. 11 


15 


11.53 


12 


5.a5 


12 


5.99 


17 


1.95 


13 


7.22 


10 


11.81 


12 


2.22 


12 


10.72 


16 


4.68 
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IV.—TMe qf Grngtreadingi 0/ ihi Elbe at Magdelmrg^ConHnued. 



Feet. ' Inches. 



1796 


7 


9. 7(t 


96 


7 


4. 51 


97 


6 


11. '.HI 


96 


8 


2.n3 


99 


8 


5.83 


180O 


5 


7.70 


01 


7 


7.02 


02 


7 


0.17 


08 


7 


8.54 


01 


9 


6.92 


I80S 


9 


11. U4 


06 


8 


9.22 


07 


7 


7.56 


t« 


6 


8.!i6 


00 


S 


4.3{« 


1810 




4.(n 


11 


5 


4.44 


10 


7 


5. 17 


13 




1.441 


14 


5 


7.C6 


181.'. 


r, 




16 


7 


c. v. 


17 




10. dl 


18 


5 


4.7'> 


19 


7 


■J. ^^7 


USO 


5 


5. in 


21 


1 


7 . ; 


22 


0 


< 1. 








24 


7 


1. 4<l 




6 


5. 4 1 


10 


5 


y. 30 


1817 


7 


3^94 


Bi 




0.70 








for 
177ti- 


7 


4.33 


1827. 






1828 


7 


10.91 


29 


8 


2. 'JO 


1180 


7 


10.74 


SI 


« 


Kf, 


82 


5 


1.74 


38 


6 


6. Ill 


84 


5 


Kt. 70 


1835 


4* 


3.IM) 


36 


4 


10. 


37 


1 


4.56 


38 


7 


2.5U 


39 


7 


7.65 


1840 


6 


l.ll 


41 


6 


7.29 


42 




6.68 


43 




4.56 


44 


7 


11.77 


1845 


\ 6 


6.26 


46 


6 


6.26 


47 


• 


11.41 


49 


1 6 


4.88 


49 


6 


O.08 


1850 


7 


7.65 


61 


7 


9. 71 


62 


6 


7. 29 


68 




10. 3K 


54 


7 


2.50 




7 


;>.7i 


56 


G 


2.U 


67 


4 


8.C4 


58 


5 


1.78 


59 


5 


1.78 


1 1880 


1 ° 


9.35 



Staqk. 



Lowan. 



Date. 



Feet 



Jun«' 14 

October 5 

AuguBt 31 

Deci'mber 15. 

December 18 

Ancwrt 19 

Se^MDber 10 ^ 

October 8 

Jannanr 27 

September SS 

Jane . 

July 26 

August 30 

AufcuBt 22 .: 

Sciiti'iiiJ'er 1-2S 

January 15 

Se|itembcr 30 . 

F< l>ruarv 3 

•Inly s..". 

.\umiHt 

.luiif H— N'ovfHilii-r :j. . 

J)< rt-rulx-r 14 

J II I <'iiilK-r 31 -__..»_•».. 
1 1 u c i- in I >v r tl., 
■laiiimry 1 . ..._.,..„ 

.\uuust 

F' tirnar V 'J^ — Marcli 1. 

.luly It; 

N'>MMiit>fr 2 .......... 

Si i>t*-iiiber 25 

Aiii;u*t M 

Sil>tfllll;tr 29 

August 13 



Inches. 



3 


11. KJ 


4 


3. 49 


4 


1. 43 


4 


I. 43 


4 


1. 43 


9 




A 




a 


ft 


4 




5 


1.78 


A 

V 


4 90 


4 


1 43 


3 


6.19 




If* OS 


3 


S.10 


2 


7.23 


1 


11.94 


2 


10. 32 




8.2« 


\ 


3.80 


A 


4.1(; 


A 


2. 10 


a 


2. 10 


2 


7.92 


3 


l.(»7 




6. 89 


\ 


1.43 


3 


5. 19 


3 


9.31 


4 


6. 5« 


3 


f<. -is 


3 


4.1U 


3 


3. IS 



Hiaam. 



0»te. 



March 21.. 
P^-cember 31. 

January 1 

h'( I'Hiary 1>n 

February ii8 

April 6 

March 12-..^ 

March 80 

December 30 

January . 

March 4 

March 26— September.. 

Mar«b 6 

April 13 

February 5 

MUrrh 8.9,19 

KflpniHry \C\ , . 

April " 

Kfbiuai V 

Murcli ;U— AjMil 1 . -^ 

.Vii^tist 17 . 

March 20 

Muivl, II 

Mitn h :J>< , 

I>< cenilM r 31 

Juhuury 31 

Man b 18 

.Man h 25 

March 3 . ... ... 

July 3 

.liimi.iiy 1 . _, 

May 10- 

March 8 



Fwt. 


Iiich<«. 


' 13 


3.61 


18 


3.61 


13 


4.43 


14 


1.91 


17 


7.«1 


' 12 


8.92 


13 


1.55 


' 15 


8.78 


16 


8.78 


JS 


10.86 




9.60 




6.00 


. 17 


8.75 


; " 


7.61 


' 17 


10. 19 


16 


11.89 


13 


5.32 


v\ 


4.68 


\:, 


4. 06 


18 


1.28 


15 


3..3it 


IS 


5. 67 


14 


10.15 


10 


11.81 


14 


1.91 


17 


10. 19 


' 16 


10.50 


, 11 


8.05 


' 11 


7.0i 


17 


0. 92 


11 


0.84 


1 ^2 


9.43 


17 


10.19 



195 



11.74 



753 



3 


11.03 


3 


In. s5 


4 


in. •'.'» 


4 


0. Ill 


5 


0, 75 


3 


1.07 


1 


0. ;i.'> 


2 


8.95 


1 


4.4r< 


1 


10. f.5 


3 


3. 13 


3 


2S 


3 


!t.3l 




3. 13 


\ 


0.98 




6.64 


3 


10.84 


3 


10.34 


3 


3. 13 


3 


1.07 


3 


9.31 


2 


7.92 


2 


8.96 


3 


10.34 


4 


0. 55 


a 


5. 19 


2 


10.01 


4 


0.40 


3 


0.04 


3 


3. 13 


2 


!t. W 


2 


y.ys 


2 


2.77 


2 


2.77 



7.4" 



16 


0.86 


16 


2. 62 


13 


8.70 


18 


U. -l'' 


16 


4. US' 


12 


4.28 


16 


3. 05 


16 


10. 8r. 


8 


4.92 


13 


7.73 


16 


6.74 


17 


4. OO 


16 


0. 56 


15 


8.44 


17 


5.01 


13 


11.85 


14 


8.00 


18 


0.26 


19 


1.63 


18 


2.31 


17 


10.19 


16 


10.86 


12 


6.34 


18 


4.37 


16 


2.62 


17 


4.01 


16 


10.86 


16 


7.77 


18 


0.25 


16 


3.65 


8 


3. 88 


15 


1.24 


12 


6.34 


17 


8. 13 



June 25 

Aii^'ust 29 

Ai)(:uist 3 

July l',» 

Xiivcnilx-r 30 . 
January 3 

Ottulifl 

December 13.. 



January 22 

.luin- is 

( ii 7 . 

Marrli 12 

.In II nary JO 

l»e< c'UiU r 31..... 

Jauuary 6 

March 22 



._-J 



.-I 
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» 



Ykars. 


lIlAll. 


0rAOB. 


LowRir. 




FmI. 


Inobes. 


Dttte. 


TMt. 

3 
2 

S 
S 
1 
1 
8 

a 

8 


Incfati. 


Data. 


Feet. 


IndiM. 


1861 
62 
63 
64 

1866 
66 
6T 
68 

1868 


5 
4 
4 
4 
4 
7 
6 
6 


0.08 


. —Jn . 1 — — 


1.07 , 
5 86 
6.88 
ATI 
9.88 
10.85 
4.88 
9.77 
7.88 




18 
18 

10 
10 
18 

» 
16 
18 
12 


6.87 

8.72 
11.81 

0.81 
11.46 

8.88 

8.67 
10.48 


3. 84 

iu.6a 

6.58 
2.46 
2.46 
1.47 
2.14 
8.04 


^^^^^^^^^^^^^ ^ -m -m— •m — — WtM 
















a. 


m 




10.75 




130 
3 


0.07 




644 


8.51 


Mean 
for 

1828- 
186U. 




1.96 




1.14 




16 


2.21 
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V.—TtUe ga«g e Ka # y qf.ihe Odtr at Kuttnn. 



1778 
79 

17*» 
81 
82 
8:) 
M 

1785 

m 

87 
88 

n 

17S0 

n 

•2 

tt 

M 

ms 

90 
97 

w 

w 

UQO 
01 



MSAM. 



Feat. 



InclMi. 



Htauk. 



Lowmr. 



Oatu. 



o 
4 
4 
6 
5 
5 
0 
5 
4 
6 
3 
3 
3 
4 
4 
4 
4 
3 
5 
6 
2 
4 
4 
4 
6 
A 
6 



0. .".s 
7.04 
7.02 
3. 'J3 
9. 10 
0.56 
8.86 
0.26 
4.57 

10.21 
2.14 
5.79 
3.16 
2.87 
7.66 
1.55 
0.60 
2.63 
5.96 
9.12 
4.6< 

11.45 
8.07 
0.29 
3.87 
0. 4S 
0. «2 
1.07 



July 2.4-30 

May -Kl 

S<'|>teinlM'r l;i 

Stjpteinlter _._„__ 

.S4 pt<-iul'fr ... 

November 10 . 

OctotMfr II „ 

I>i-ceniii«r 18. 

.ruly 

October . 

Octolter 

.Iline 

Aufiiist 

October 

September....... 



Feet. luchei. 



September 

October 

August 

June 

December.^ 

Angoet 

Februarj' 

NoT«»ml>er. 

Si'i)t''iiil»'r 

.S»'|»t<MlllMT 

August 
July .. 



3 
2 
2 
I 
1 
2 
2 
3 
3 
2 
2 
3 
1 
1 
1 
2 
I 
I 
8 
1 
3 
2 
1 
8 
1 
2 
2 
2 
2 



4.16 
2.77 

0.71 
5.51 
5. .51 
5.60 
3.8U 
3. 14 
2.10 
'\ 8<i 
hi; 

4.93 
(5. 02 
1..39 
4.48 
3.29 
8.60 

10.66 
2.77 

10.65 
3.65 

11.01 
6.51 
4.83 
9.62 
8. 9.-1 

11.01 
4.83 
a. 29 



HlOSMT. 



Date. 



March Jl . 

D«*c«nili<tr '16 

y\Avch n 

Mardi '.^7 

I)etenil;«T 31 
.Iami:iiy '^2 „.„_««._. 

April -2>i 

KeptciiilxM' 2 

Feliniary 25 . 

Aiiril n 

A|iril 20 

FcliriiHiy 21) . 

Keliruiirv 27 

March 22 

JIarch 12 — 

March 10 

Mansh 2 

Janaary 4 .... 

April 23 

April 11 

Hjuvhll 

April 17 

March 18 

March 22 

Dec«>mlM>r 18 

June 21 10 

March 13 11 

April 6.. 



Feet. 



lochea. 



9 
9 
13 
9 
8 
11 
11 
15 
11 
9 
9 
10 
7 
5 

I 

7 
10 
6 
5 
6 
10 
10 
8 
8 
9 
7 



8 



3.21 
11.97 
7.73 
2. 70 
4.92 
1.88 
6.99 
6.38 
2.3F 
11.97 
11.45 
11.29 
11.77 
7.96 
8. 16 
6.10 
9.75 
11.41 
11.05 
4.72 
5.11 
5.68 
3.88 
6.97 
0.12 
6.62 
2.08 
4.96 
8.26 



138 



0.40 



66 



4.51 



874 



9.12 



3.46 



4.87 



5 33 



181 C 
08 
i« 

1811) 
11 
12 
13 
14 

1815 
16 
17 
18 
19 

1820 
21 
22 
23 
24 

1825 
26 
27 
■IX 
29 

im 

31 
32 
88 
84 

1836 



4 
4 
4 

3 

2 

3 
4 

3 
3 
4 
4 
3 
3 
4 
4 
3 
3 
2 
2 
3 
3 
4 
5 
4 
5 
3 
4 
3 
1 



10. 37 

2.48 
3.93 
4.31 
7.71 
2.07 
9. 72 
II M 

7. 14 

n.o3 

3. 93 
8.79 

11.32 
1.3^1 
r,. 15 
O. 90 
0.44 

11.13 

10.21 
3.79 

10. 88 
7.. 37 

8. .3.5 
10.23 

8.20 
5.27 
3.57 
0.36 
B.64 



SU>ptfn>lM'r 

.\u>;iist . 

.\UKii«t 

.S«pt<Tuli«r 

."<<'pi<-mlier 

Oitolver , 

Nov-' iiiUki" . 

Ni >v.iiil)er . — 

(>. rMlit.r24,25...... 

I •i ii)l.»»r 7 

July 28, 29 



.\ugu:Ht .30 -S<>i)temlH)r9.I 

Niivi'tiiti. t 21 I 

l>.'0.>ii\ti. r 2M 22 

S'pt. 2o.« ii. t.4. 31, Nov. 2. 

Octolh.'!- .'. _ , . 

Se]>t 29,;4«»— Oct.2,6,8,23. 

Octolior •> 

()<-t"l"'i l'»-24 ' 

Juii.' 2.")-27 ..I 

i*(^pt''mlM'r 18 . . 

Atufust IC I 

May 31 — Juue 7 ; 

NoTcniber 29 , 

June 2S-3o-July 1 i 

October 3-8 ' 

September 7 





10. (Vi 


1 


11.08 


2 


6. 89 


0 


8.24 


0 


6.18 


1 


3.45 


1 


9.62 


1 


10. ♦» 


2 


2.77 


2 


»). 80 


1 


4.48 


1 


11.68 


1 


7.57 


1 


4. 48 


1 


11.68 


0 


10.30 


1 


2.42 


II 


l.tvi 


0 


9. 27 


1 


1.39 


1 


1.39 


1 


3.96 


2 


9.98 


1 


4.48 


2 


6.89 


1 


4.48 


1 


11. 


0 


3.09 


0 


3.09 



112 



10.07 



42 



10.69 



10.36 



5.78 



Kclinmry 28 . . 

April .. 

frliruiirv 17 

MiiK^li 19 

Ularoli 16 J 

April 9 

S^'ptemlwr 12, 13 « 

.\pril 8 

April 2-8 

Miir. h 24 

Man li 18 

Jiiniiary 31 

.\pril 14 

Fttliruary 12 

February 1 

February 2-4 . 

Mun-h T) 

April 29 

.lamiai V 23 .... 

May l.V, 16 . 

M.irrli IH, 19 

.Mine 2-'), 26 

M.in li 20 

Si-ptcinlwr 26,27.__._ 

February 16 . 

May 3 . .. 

February 7 

January 13. 14 



10 
9 
9 

9 

11 
13 
6 

9 
9 

6 



6 

6 i 

7 

9 

8 

9 
12 
10 

8 
10 
10 

4 



6.14 
1.15 
0.12 
ll.4.'i 
4.56 

ll.or> 

5.1>9 
4 13 
1.11 
9. 91 
1.67 
11.41 
o.lWS 
3.21 
9. 19 
r,. r,9 
6.62 

0. 08 
2. r>8 

11.77 

1 . i.-v 

9.03 
3.39 
11.49 
0.48 

2. 86 
1.51 
7.69 
2.46 



251 



10.83 



8.83 
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VL—TMe pf OoMge-readimffi oik Ae Viihda at Xwubradt, 































BfAOB. 




^ ■ 

— — «^ 


_ 






Lowest. 


Hfoam. 






f Mi. : 




Dttto. 


Feet. 


Iticll68. 


iMtte. 


F«et. 




1M9 


7 


3. "It 


S«|>tfiiilH>r 3___________ 


a 


7. 2i> 


.Mi.ich 10 


17 


4.01 


1810 


6 


r>.39 


(>ct<>l>er 7 .,,.1 


1 


10. 6ii 


.Miircli 16 


15 


11. 6."* 


11 


3 


9. (.:» 




0 


10. .30 


Man-li I'l 


12 


9.95 


12 


6 


7j« 




3 


5. 19 


.\ UK list 20 


13 


4.13 


13 


8 


3. 


.luiK- m ^ _ 


4 


1.43 


Se)rt«'Ril>«r 3 


22 


9.91 


14 


7 


3. "St 


(li t..l.. r -It , . 


4 


3.23 


A|>ril 5 _ ... 


17 


10.70 


1815 




3.63 


Juiu- 18 


4 


11.73 


.\iigust 7 


1.") 


9.47 


16 


10 


0,48 




5 


6.93 


Man h 2.-. . 


21 


2.3.S 


17 


8 


4.411 


t ictolMT 4— Nuvembtrl- 


4 


4. 51: 


I'l liniiirv 4. ____«_.. 


16 


\n, wi, 


18 


7 


4..=)6 


I)f<.-<-liil'«>r 20 


3 


6.98 


.Iaiinnrv 31 -__..•___.. 


20 


1 . ;»■.» 


111 


6 


1.88 


(•ctoLrr 17 


2 


11.01 


Fetiruitry 13 


14 


."1. 2t'i 


18:iO 


7 


8. f>b 


S»'|>tt liil« T 6 . 


3 


10 34 


I><'< <-mlwr 'f'f 


1.'. 


9. 47 


21 


9 


1. 44 


.1 u 111- l.''! 


A 


].7^ 


'J, 1 .____»_____ 


IK 


7.46 


22 


6 


l.ll 


.lui.i' 12 


3 


II. 1 1^1 


Fi-l'Hi;irv 14 


211 


4.0.'. 


23 


6 


0.08 


S«'ptriiil.er 26 


3 


4 


Mm. Ii 13 L 


17 


6. 07 


24 


6 


8. 84 


« ii-tiil'« r t. 


3 


9. ^- 


.liuiUiWv 27 


14 


3. 'Jl 


182:) 


)i 


7.M 


Octiil-t T Jl - JT..____ 


8 


8.28 


... 

l-i-liniary 12 


13 


n. 01 


1 2<i 


ti 


i.ti;i 


.\(iv« inl>ei 4-12 


2 


10. .V) 


.luiiiiiii'v 4 . 


13 


4.' 1 


1 27 


« 


1.37 


n< t,,l...r Ml_#7 


2 


3.80 


March \ \i 


20 


6. 11 


2t* 


6 


6.52 


•IiiiH' 27 —«-•.- 


3 


4 i'w 




k 

m' * 


7. 14 


' 29 


9 




Ocli>|.. r 7 


4 


li', is 




24 


0. «4 


183<t 


7 


:.. 




3 




m'u.ii 2.'>-'-_. " r - 


2(» 


10. 49 


31 


ti 


11.41 


Ni 1 V< Iljl .€!' 1— 10_.__. . _ 




2. li' 


inch 'S! 


16 


9.83 


32 


4 


11.73 


.\ii|:uHl '^8 


3 


0.04 


.Miin h -H) - 


6 


9.3.5 


:« 


5 


10..-4 




•1 
.1 




riiiiiijirji _^ «...____._. 


19 


7.42 


1 ^ 


5 


6.42 


•S^-pti-inlxT 27 — Oct. d 


1 


•I, 62 


Kfliriliiry .____.__ 


17 


9.10 


1835 


4 


1. 43 


NdVellllHfl" 19 ---rr - - 


1 


7. 1'.'i 


Frlirunr> 3 .._______.._ 


H 


i All 
4. 92 


' 36 


4 


10. 69 


Sf|>l<'Hll'»T 4-6 


1 


111, t,.-, 


Marrl, li) 


13 


6. 18 


;!7 


7 


4.82 


Septeiiil^r 10 


3 


10 


Mun li 26 


19 


4.21 


3ti 


6 


3. 43 




4 


1 llT 


.'I'll I II _<J — .._____ ___. . . 




2. W 


!t9 


7 


4! 82 




4 




Miiri'li '(1 

•■iiiri 11 •* 1 ._______._. 


''0 


3.02 


1B4U 


If 


1.07 


Au)iuet 4 


5 


2.81 


Keliriiary 2 


16 


O. 4% 


BK-.. — 


910 


11. M 




11".* 


1 KA 

I. o» 




DtX 




MeM.. 


6 


-10.64 






5.19 




1« 


11.88 


1841 


6 


l.ll 


N<'V»'nili«'r 10 


1 


5..M 


Marrh 2.'. 


21 


2.86 


42 


3 


0.56 


S|>t*iiilier 21 


—0 


4.t.:i 


M.nh 12 




3.88 


43 


5 


10.02 


.Ma\ JO _ 


1 


6. OZ 


K' l.nmry S_..— 


16 


1.59 


44 


;» 


9.65 


.lulv 6 . 


4 


0.91 




22 


1.67 


1845 


8 


1.31 


Ortol.t r 2 


3 


11.37 


April 8 


22 


2.70 


4fi 


7 


9. 4.'. 


N ,v, r 24- 


1 


3.4r. 




20 


10.23 


47 


5 


4. 10 


.luue 12 — 


2 


3.80 


.luue 2 5 ....__..... 


10 


9.76 


in 


4 


2. 20 


Sf |iti'iiit'«T 23 


0 


5. 15 


ii 2 


1 1 


0.88 


49 


5 


11.76 




I 


.'>..M 


I ' l l 1111 rv 4 


11' 


4.72 


1850 


6 


11. 41 


.•^«•pt^•|lllK•|• 7 


1 

:\ 


0. .VJ 


.■M.inh 15 


18 


9. 52 


51 


6 


2.91 


OL'ttjl><'r29 — NorcaiUr 1 . 


7.25 


Man h 23 


16 


'.». 83 


52 


4 


7.61 


(.»clo»i«r 1.'>-18, __ 


0 


6.15 


April 


12 


9.43 




8 


3.12 


.laiiUHrv 12 


0 


4.72 


Mav 3 


17 


9. 16 


54 


4 


8. 6^ 


NoVi ihImt 24 


3 


2.10 


March IH 


23 


2. 54 


1855 


in 


f 1. 


IlfCMIiil " T 2 ..... 


3 


4.16 


Man h 27 


28 


3. 81 


S6 




'. 




1 


0.36 




13 


11.85 


57 


I 


^. (.4 


I»fC4 iiiU'r 


0 


5. 15 


April M 


13 


6.67 


58 


4 


1.17 




—0 


6.18 


.\pnl 1 . 


13 


6.70 


59 


3 


3. 9<t 


.\iit:ii«t 'J,i'< 


— U 


ft. 1 R. 


Manli 14 


i_ 


4.28 


imi 


I'l 


7..V. 




I 


8. .59 


.Xpril 111 


I't 


8. h7 


61 


4 


.'i. o:i 


Niiv> iiil t r 4 


0 


2.07 


F< liruary 21 


19 


0.60 


62 




6(1 


N« 1 vt'iiil r 'SA 


1 


3. 45 


March 29 ____._. 


13 


6.70 


twl 


(1 


4. 12 




—2 


0.71 


.laiiiiarv 24 


6 


3. 17 


64 


4 


1.43 




0 


O.lKt 




10 


10.78 


lHf)r» 


4 


1 . ♦;•> 




0 


6.18 


April i8™rmiimr" 


18 


3.34 


()(> 






« • Mitter 2_____.i..««,. 


—0 


_ 5.15 




0 


5.27 


67 




4. ,••6 


<)< tiil«T 3 


1 


10.65 




20 


7.14 


68 


5 


9.76 


Novi'iiiJ^r 28 . 


—0 


8.24 


Mardi 0 


20 


1.99 


69 


'.i 


3. 13 


Scptfiiil'er 22 


— u 


2. 07 


March 2'> 


11 


5. 99 


1870 


r, 


(1. 08 


Si'ptfinOtM 18 . 


0 


7.-.il 




21 


l!.31 


18(71 


6 


4.20 




0 


10.30 


Mi»rth 3.iirmiiiiii__ 


21 


8.53 








8k 


1«8 


0.01 




32 


9. 36 




520 


8.82 




6 


5.a» 




1 


0.70 




16 


9.14 
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VII,— Tabu of OtMffe^rtadktgt ef the Darnvbe FiMiMk 



F.'ot. lochet. 



Staob. 



Low EOT. 



UiitHEm'. 



1826 

» 

lOO 

St 

32 
X) 
34 
U35 
36 
87 

as 

S9 
1840 
41 

42 

4:i 
44 

m5 

46 
47 
litt 



1 
3 
3 
3 
3 
2 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 

— 0 
1 
1 

0 

1 
1 

0 



9.07 

*k02 
3.94 
4.20 
0.31 

f.. 8:i 

.3.11 

II. a> 

2. 'ir> 
0. 4.'. 
7. I.'. 
4. IIS 

•i. f.7 
'J. "'^ 
:h.ii4 

I'.. 

6. 74 

7. !»7 
0. 19 
8.82 
6.<>H 

10. o»; 
U.34 



Date. 



Feet. Iiichi' 



January 17 

February 17 

DeciMiiliir 10, 19, 12 , 

' JatiiuirN . ' 

' r>i'L-.Tiil..-r 2'> ' 

Fi-t'iiMr\ .1 

Nov. r 1 _ 

.Illlin I- 1' 

l)--c.;n)i. 1 ,il . 

li. . . tiilier 28 . 

.lilllU.U V 3 . 1 

K>-I'iu.ii\ IJ I 

l>.v. nil..T ^7 ' 

.laiiiiary ti . ...... .| 

I'lM . IlltiiT M i 

Novcml.i i . ' 

.litmi.irv 1-17 ' 

.JjUHi ir> '.'T ' 

l».vt-iiiU r :J0 I 

Ffbruiiiy 1". _ 

I>ec<-nil>»>i I'.t 

.litiiiiitry IT 

l)< <-. nili< r JM... 



1 

— I 


1 1 1 til*> 


/I 

— ll 


- JO 


u 


a. It 


— 0 


10.37 


—I 


6.67 


—3 


0. 31 


—2 


0. 


-a 




—2 


10.24 


2 


i*.16 


—2 


7.13 


—2 


8.16 


-3 


10. fiO 


—a 


0.27 


^4 


8.02 


—2 


9.20 


—4 


8. 02 


—2 


5.0.5 


—4 


lit. M 


— Ci 


:i.74 


—2 


in. 24 


-4 






4.91 



■1- ir, • 



Jniifl 21 

.Inn.' 11-13 
Si-|il<-iiil>t>r 18 

.Intl.- i J 

Sc'i'ti ml' 
Miir. h 7 
.\ti-u-l 1 

AllL'll-t "i, t. j,- 

Jauuiiiy J —«______. 

.St^ptfiulwr 17 .„„ 

February 8 ....... 

Juue i'J . 

.III til' 'iti 

M..\ :il 

F. i'iiiiiry 25, 26 

April 3 

Julv 5 

Mav 1 

.\pril 3 

F. brui.rv 3 

Mi.y 3 

Ffliniarv 11 ...„_. 



Feet. 



loehes. 



7.87 



-3 


0.31 


-3 


3.42 


—2 


6.08 





0. yo 


— 1 


7.71 


-4 


2.84 


—I 


10.82 


—3 


0.31 


—3 


3.42 


-4 


3.87 


—4 


9.06 


—3 


10.69 


-3 


1.3- 


—4 


o. s7 


-4 


In. 10 


—3 




—5 


1.21 


-6 


2.70 


—6 




—2 


l.ol 




2. :v.t 




3. 42 


-3 


5.60 


-6 


3.29 



7 


10.41 


8 


•5.71 


8 


2. .^6 


9 


1.97 


7 


0.36 


8 


I.Vi 


7 


7. 30 


8 


7. 7.-1 


I 


3 . tiO 




7. 89 


7 


0. .U\ 


7 


11.4.i 


6 


.'..81 


i 


I1.4.'i 


It 


3. Ill 


t 


3. 1.5 


5 


3fi 


7 


10.41 


1) 


2. 70 


9 


1.97 


8 


6.71 


8 


0.49 


8 


2. .56 



9.38 



1849 


I 


, 7.4.-. 


1850 


2 


7.m 


.51 




ti. Hi; 


62 


1 


M. Hi: 


63 


1 


:». '>-l 


M 


I 




lau 


1 


s. 7.'"> 


86 


0 


In. .s;t 


87 


—0 


1 1 . 'J.i 


86 


0 


:,. 44 


N 


0 


9.:54 


1860 


1 


4.11-1 


61 




6. -Si 


62 


0 


6.23 


63 


-4) 


0. 78 


«i 


0 


9.08 


1865 


—1 


1.75 


66 


—0 


6.23 


67 


2 


1.42 


68 


0 


9. .59 


68 


II 


.5.44 


1870 


0 


8.30 


1871 


0 


6.48 



.lutiiiiiry 1 i 

.l.inilarv 23 ..I 

F. l.ni.try 28 

.la Hilary 10 ! 

1 1. . emiter 28 I 

I »i ti*lier 5 . I 

F<!l.rii<iry 22 | 

Niivfiiibi-r 22 

.lai.u.iiy J2— Dec. 22 i 

.I.iiiuary 8 I 

.Iaim;try 15 

Fi-l.ruary 2<i ....I 
DfLfiiihi-r 30.„„...»..| 
Jtiiiuary 9 

December 9 J 

December 27._..._.._._1 

Deci'iubcr 30. ' 

January 2 

Decenil>er 12 

November 25 ' 

January 25 ' 

Fobrnary 21 _^....J 

December 10 . ' 



10.89 



5.50 



I August 25 . 

' June 22 

.\nt;<i«it 7 

.■\nv;iist 2<'> 

.III II.- 2 J 

February 9 

August 16 

June 29 .... 

Juue 3 

Augutt 4 

March 8 

January 3 .... 

June 13 

F.-liruarv5 

Juii.- il " 

Julv 15 

April 13 

August 9 

May 4 

May 4 

l)«-oemh«r 22..__. 

November 4 

Januai721 . 



I 



8 


9.82 


6 


6.85 


8 


2.56 


7 


2.11 


9 


6.09 


.5 


8.48 


7 


11 r> 


7 


111.41 


4 


9.06 


7 


10.41 


t'l 


8.93 


t'> 


4.77 


H 


• ..71 


12 


2. 29 


5 


3.29 


6 


6.8.5 


6 


0. 62 


4 
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SECOND TREATISE 

ON THE 

DECREASE OF WATER IX SPRINGS, CREEKS, AND 

RIVERS. 



Office of the Chief of Exgineers, 

United States Akmy, 
}Vashington, 1). C, July 1, 3880. 

Sill : An interesting paper on hydraulic engineering entitled "Zweite 

Abhaiidlung iiberdie Wasserabnalinie in den (^uellen, Fllissen and Stro- 

menbei gleiclizeitigerSteigerungder Ilocliwiisser in den Cnltniiiindern " 

(Second treatise on the decrease; of water in springs, creeks, and rivers, 

contemporaneously with an increase in height of floods in cultivated 

countries), by Sir Gnstav Wex, ini])erial and royal ministerial counsellor 

and chief engineer uf tlie itnpioveiuent of the Danube at Vienna, has 

recently been translated, at my request, by Bvt. Maj. Gen. G. \Veitzel| 

United States Army. 

As this paper contains information of value to the officers of the 

Corjis, I have the honor to recommend that it be printed, for the use of 

the Engineer Department, at the (loverninent Printing Olfice, and that 

500 copies be furnished on the usual re(iuisition. 

Very .respectfully, your obedient servant, 

U. G. WRIGHT, 

Ch ief of Engineer 8y Brig, & BvU Maj. Gen, 

Hon. Alexander Ka^isey, 

iSecretarg of War, 

Approved : 

"6 J Older of the Secretary of War. 

U. T. CllOSliY, 

Chirf Clerk. 

July 6, 1880. 



Vienna, October 12, 1879. 
General : I take the liberty of transmitting to you in the accom- 
panying package my second treatise, entitled "On the decrease of water 
in springs, rivers, and streams, simultaneous with the increase of Hoods 
in cultivated countries,''! »t*i'aus(; I am convinced that such a distinguished 
hydraulic engineer will take a lively interest in the deHnite solution of 



Digitized by Google 



4 

a hydraulic question ^^vhi(•h is of the highest imiiortauce to comiug gen- 
erations and future eonditiou of cultivated countries. 

At the same time you will i^lease have the kindness to accept this 
copy as a mark of my most eminent esteem. 

Finally, I take the liberty of politely begrgiufr you to trausuiit for use 
the other copy of^my treatise which accoinjiaiiies this to the esteemed 
societies of eugineers which exist in your couutry, with the request that 
they may thoroughly examine my theory with regard to the decrease in 
■water supply, and illustrate it more clearly by the publication of the 
hydraulic observations made on American rivers and streams. 

With, the assurance of my highest esteem, I remain yoirr devoted 

Sir GUSTAV VTEX, 
Imjperial and Moyal Counsellor, 

Brig. Gen. A. A. Humphreys, 

^ Ch^f of EngineerSy Wmhington. 
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IKTRODUGTIOK* 



In my first troatise bearin^f the forcfxoingf title, ])nl>li.siie(l in the i)ai)er3 
of the Society of Austrisin lOiip^iiieers and Architects, 1873, after observ- 
ing gauges during many years at nine diifcreut stations ou the five 
mfliii rivers of Central Earope, viz, the Danube, Rhine, Elba, Vistolai 
and Oder, and also after many otlier observed results, I furnished the 
proofs that the dischar«^e has diminished considerably during the latter 
decade, not only in the above mentioned rivers themselves, but also in 
their tributary rivers, creeks, and si)rings. 

In that treatise I also thoroughly discussed the causes of this peculiar 
hydraulic phenomenon, and finally proposed measures and precautions 
to prevent a.s far aa possible the further spread of this calamity, so 
threatening to futnre generations. 

Since the jinblication of that treatise, this hydraulic question thus 
raised hy me has been industriously studied in nearly all countries, 
partly by scientific institutes and partly by intlividual naturalists and 
experts, and then* varions opinions and views have been published. 

In by far the greater number of the opinions which have thus ap- 
peared some of these scientific institutions and authors have entirely, 
and others only i>artially, a;xreed with my views, conclusions, and the 
theory which I reconnn<Mi(l, and, at the same time, have brought for- 
ward many new illustrations and arguments to establish its correctness. 

But especially, as several engineers and hydraulic experts have 
expressed the opinion that my conclusions as to the decrease in the 
height of water in rivers are unreliable, and that the remaining iiroofs 
for the decrease in discharge ;ire not qiu'te unassailable, and, besides, 
because several of these experts have even advanced the new theory 
that the established decrea.se in the height of the water is not in conse- 
quence of the decreased discharge, but rather due to changes in and 
particularly to the deepening of the river beds, I have during six years 
shunned neither labor nor expense in obtaininjir as many and reliable 
technical hydraulic measurements and data as possible of difl'erent 
streams, so that I might clearly ascertain whether the views jueviously 
expressed by me or those of my op])oneuts were more nearly correct. 

Kow that I have in the course of these uninterrupted and continued 
collections of data and studies, and even by the latest of these, arrived 
at the fullest conviction that the theory advanced by me relative to the 
decrease in the discharge of springs, rivers, and streams lias been unfor- 
tunately ])roven true, I feel myself inii)elled to publisli this second 
treatise, since I believe that an indisputably clear exposition of this 
water question is not only of great importance in technical hydraulics, 
hut also in its bearing upon questions in natural science and historjr of 
culture, as I have already pointed out in more detail in my first treatise. 
But a general knowledge of the decrease in discharge of si)rings and 
rivers and the resulting highly detrimental conserinences for the future 
cultivation of countries and their inhabitants is absolutely necessary, 
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fbr then alone it can be hoped that the general govemmeuts, corpora' 

tions, large land owners, and individnal coiiimiinitios will take suitable 
precautions and measures to coiiHue the calaiuity to such liuiits as are 
yet feasible. 

In Chapter I of this treatise I shall present, very briefly, the opinions 

SVen on the question by scientiflc institutes first, and then those of the 
dividual naturalists and experts who a^rce with me j and subsequently, 

in Chapter 11, with the latest data collected by me as a basis, will fur- 
nish tUc proof that the objections iuad(^ by my o])p()neuts, and the new 
theories established by them, are either groundless or are based upon 
incorrect premises. 



CHAPTER I. 

1. The Imperial Academy of Sciences in Vienna, at my re(iuest, ap- 
pointed from its own menibers a commission of five experts to give a 
formal opinion upon my treatise, which commission, after a thorough 
examination, in their rejKn't dat<'d April L'.'}, 1874, declared themselves 
iji ;;eneral as agreein*; with nu' in my proofs and (conclusions, and only 
remarked that niy conjectures that the rainfall in cultivated countries 
must now have equally decreased, as not sustained by the meteorolo^;- 
ical observations made in England, Scotland,^ and at Paris during a 
period of many years, and although it would be hasty to conclude from 
this that no such changes have taken place in the interior of the continent, 
yet tlu' measurements of rainfall at the continental stations (which, how- 
ever, do not reach so far back) are not favorable to such an a>isumption. 

The Imperial Academy of Sciences at its anniversary meeting of May 
30, 1874, accepted the above-mentioned report of its commission, and 
resolved at the same time : 

{(() To call the attention of the Imixu ial and Koyal u'overnnuuit to the 
continued decrease of discharge in si>rin^s and streams, as well as to the 
causes of the plieuomenon, and at the same time to apply to the higher 
ministries, so that the measures and precautions ])ro])osed by Wex to 
prevent, as far as feasible, the further spread of this calamity may be 
thoroughly considered and carried into execution by the enactment of 
suitable laws. 

{b) To send a copy of Wex's treatise to the scientific institutes of for- 
eign countries with the request that they furnish the Imperial Academy 
with the results of observations extending through a series of years of 

the gauges in their rivers, and to furnish this informatioti arranged and 

plotted in a manner similnr to that adoi>ted in his treatise. 

(c) To exi^ress, also, to thv Austrian (iovernment tlu^ desire that sta- 
tions may be erected at suitable i)oints on several rivers, not only to ob- 
serve the stages, but also to measure the discharge, in order to examine 
more closely the laws of de])endence of the latter on the former. 

For these resolutions, which were prepared by the Im])erial Academy 
and carried into execution, I must before proceeding further return my 
sincere and grateful thanks to it, for thereby the scientific societies in 
other countries were incited to cause accurate observations and study 
of this important water question to be made. 

* 2 and 3. As a result of tliis the Imperial and Tioyal xVcademies of 

Sciences of ISt. Petersburg and Coitenliagen api)ointed their own com- 
missions to exannne my before-mentioned treatise, which in their reports 
on this subject, dated respectively January L'2, 187G, and October 7, 
1875, declare themselves as generally agreeing with me in my views and 
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couclusioDS, but at the same time remark that a diiuiuutioii in the raiu- 
M waa not established for those localities by the meteorological ob- 
servations taken through a long series of years. The St Petersburg 

commission added, however, to its oi)inion " that it might, nevertheless, 
be po8sible that a dirterence in distribution of the rainfall and of tlie 
evaporation from the .surface of the earth mi«i,ht cause a decrease in the 
total amount of water in some and an increase of the same in other 
rivers.** 

The same commission, referring to their observations on the results 
of t'leariiiL;- hinds, also mentions that in the southern parts of IJussia, 
where n(»tt>ri(>usly one hundred anil fifty or two hundred years a^o tiiere 
still existed lar^c wooded tracts, at the present time bleak stepijes have 
developed themselTeSy whose elevated portions are entirely destitute of 
water, and whose inhabitants are compelled, therefore, to settle on the 
banks of the meager and deficient rivulets in order not to perish from 
want of water. 

The same cuinniis.sion still fnrtlier adds that on the Lower Voljjja and 
Duieper the nei^-hborhood is clearetl, and that in conseiiueuce the river 
bed8 fill with sand-bars, change, and become shallower, but that the 
llowls rise higher than formerly. 

The connnissioii of Copenhagen expresses in its reports the following 
ttOtc\\'ortliy opinions : 

"Since in the later times our forests have not undergone any change, 
it is dilhcult to substantiate the gradual decrease of water in conse- 
qwrnce of clearings, but we must nevertheless add that everytiiing leads 
to the (conclusion that at the time when Denmar]< w as cox ered with large 
fnn'sts, the volume of water in our rivers must have been far ;rrcater 
than it is now, for there are many rivers in the country which exhibit 
iiaces of having had at one time a considerable discharge, but now 
have only a very small one or none at all. 

**That the change of woods into cultivated fields has caused a consid- 
erable decrease in the vohnne of water in Danish rivers, the commission 
can prove as an indisputable fact by the hikes near Copenhagen. 

'•These lakes are situated in an extensive and Hat country, the soil of 
which consists of clay overlying a stratum of chalk. This entire plain 
was once a forest, wiuch has gradually i)artially disappeared, so that 
some of these- lakes are now found in the opeu fields, and the others in 
the woods. 

''Tlie obserA'ations which were made ha\ e now established tliat those 
lakes which an; situated in or near woods receive a much greater vol- 
ume of water than those of the same area w hich are situated in cleared 
eoantry, and as the other circumstances are precisely the same one must 
wmelude that the decrease in the volume of water in the latter is to be 
ascribed to the clearing of the woods." 

Tlie Danish commission finally exjuessed its opinion "That the de- 
struction of tbrests results in a considerable decrease in the discharge 
of rivers, and pai ticularly in that of springs, aud^ furthermore, that the 
inereased cultivation of fields, and also their artificial irrigation, cause 
a still greater decrease in the volume of water in sjmngs and rivers." 

1. Tlie Koyal JJoard of Canal Diieetors in Norway intrusted Lieut. 
Hans Xysom with the task of collect ini;" the data desired l>y the Imi)erial 
Academy of Sciences of Vienna, who, in compliance therewith, in his 
leport dated Ma^ 20, 1877, shows that at the two water gauge stations 
at Nastangen and Sarpfos, on the Glommen Kiver, which have until 
now not been affected by any improvement of the river, the observ.a- 
tious takeu during thirty years coufirm the theory of Mr. Wex iu regard 
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to decrease in tlie volume of w ater in rivers, as well as his opiuioa of 
the causes of this pheuomeuou. 

5. At my request the Society of Austrian Eugineers and Aichitects 
also appointed a committee of experts to give an opinion on my treatise, 
whichj in its report on this subject, made April 17, 1875, expressed the 
followiiif!: opinions, viz: 

(rt) The eoinniitteo rocojniizf^s tbo vast importance of the question 
raised by Mr. Wex, but, at the same time, the difliculties of a reliable 
reply thereto from the observations and data which so fax have been 
laid before it. 

{b) In the oiiinion of the committee it cannot safely be concluded that 
because thei-e is a decrease in the mean stajje there is a decrease in the 
discharge of a river, because if there should be a change in the cross- 
section of discharge, or in the slope of the river, the gauges are no longer 
reliable, and that it is, therefore, absolntely necessary that accurate and 
regular hydraulic measurements be taken at a number of constant cross- 
sections on the main river and its tributaries. 

(e) Although the accurate measure of decrease in volume of water, 
expressed in ligures, cannot be determined from the data furnished by 
Court Counselor Wex, yet they point to the fhct that in the rivers men- 
izoned there has been a decrease in the volume of water. 

(d) The data ftamished in the treatise show clearly the fact, of so 
much greater im])ortance to the engineer, that the regimen of the rivers 
mentioned has lately undergone a eonsiilerable change. 

(<?) The causes mentioned by Wex of tlie hydraulic changes under dis- 
cussion were partly combated and ])artly doubted in several respects, 
and particularly the assertion that in cultivated countries the rainfall 
has diminished by reason of the clearings; but it was a^lrnitted that the 
clearings had exercised a very injurious inhuenco on the regimen of 
rivers. 

The Society of Austrian Engineers and Architects adopted the above 
resolutions of its committee of experts at its business meeting on April 

17, 1875, and authorized its executive committee to submit the amended 
■coiiclnsious i)f the Court Counselor, ^yex, to the Imperial Koyal Austrian 
government, with the request for their execution, in order to limit the 
threatening calamity as much as possible. 

6. At the International Congress of Agriculturists and Foresters at 
Yienna, in September, 1873, the royal Prussian inspector of forests. Dr. 
A. Bernhardt, related, and then the royal Italian senator, Louis Torelli, 
of Home, submitted, very interesting data concerning the results of 
clearings in Euroi)e, and prove*! thereby tiiat many springs fail; that 
the discharge of creeks and rivers at a normal stage decreases more and 
more; and that on the other hand floods now occur oftener and rise- 
to a greater height. 

7. Mr. Torelli, particularly in his work* published ^fay 10, 1873, fur- 
nishes data wortliy of notice, gathered from the copious hydraulic obser- 
vations and notes taken in Italy, showing the injurious effects of clear- 
ings in that country, and gives the following opinion, based ux>ou abun- 
dant examples and experiences, viz: 

"However great may be the evils and disadvantages of the more fre- 
quently and higher rising floods of the present time, they are not greater 
than those wliich result from the progressive failing of springs and 
decrease of volume of water in creeks and rivers." 

• Dt'lle cause principali delle pifiiie dei i^urai e di alcuui provvediiiienti," per dimin- 
tiirle <Ii Luigi ToroUi, Senator del Regno. (The principal causes of liigh waters and 
some measures for diminishiug thorn, by Louis Torelli, senator of the kingdom.) 
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Mr. Torelli further cites the following observations aud measarooieuts 
of the distin;;iiished expert, Paleocapa, viz: 

The volume of water at the lowest stage of the river Sele has decreased 
33 per cent dnring the last 150 years ; that of the river Brenta, at Bas- 
sano, 7 per cent., between 1GS4 and 1877 ; and finally that of the river 
Adda, where it flows out of Lake Como, 13 i)er cent., between 1842 and 
1802 ; and this decrease still continues, and therefore creates apprehen- 
sion. 

8. lu consequence of the de^stiuctive inundation of the river Po, in 
1872, the Royal Italian GoTemment organized a commis^on consisting 
of seven experts* whose duty it was to make a minute hydraulic survey 
<^ its whole vaueyt and, after a thorough study thereof, to recommend 
such measures as would be suitable to prevent similar occurrences. 

In the report made in December, 1870, by Mr. liasilari, vice-i)resi(lent 
of the supreme board of public works, the commission exi)ressed the 
following opinion, \iz : 

The floods of the river Po have constantly increased in height, espe- 
eiiiUy during the present century, in consequence of which it became 
necessary to raise and streng:then the jjreater portion of its levees. 
This method of relief was considered bv the commission not onlv as in- 
adequate, but as really increasing the danger, for which reason it was 
led to consider means by which the height of these floods could be di- 
minished, or, at least, the increase stopped. Consequently it examined 
into the condition of the forests in the valley of the Po. It laid great 
weight on the enactment of suitabh' laws against destruction of forests; 
recommended next the construction of larjic icscrvoirs for the storage 
of a portion of the floods, which might subsequently be UvSed for irriga- 
tion j further proposed the construction of suitable works for improving 
the months of its tributaries ; and finally recommended several cut-ofi&, 
ill order to diminish the length of the stream. 

The preceding opinion and the proposed measures therefore fully coin- 
cide with the views exi)ressod in my treatise of April, 1873. 

9. Professor Dr. Ebermayer, in his admirable work entitled "Physika- 
Usche Eiuwirkungeu des Waldeii auf Luft und Bodeu und seine klimat- 
ologische und hygienische Bedentnng begrttndet durch die Beobacht- 
ungen der forstlichmeteorologischen statiouen in Kdnigreich, T>ayeni. 
Aschattenburg, 1873,"* has furnished convin(;ing proof of the following 
statemeuts, based ui)ou minute scientihc experiments and observations 
during many years, viz: 

(«) The forest influences the amount of rainfall by increasing the 
leutive humidity of the atmosphere and bringing it nearer the point of 
complete saturation, so tiiat when the temperature is lowered a partial sep- 
aration of the water takes place more easily and in greater <} nan tity 
than in clearings. This influence is more marked in proportion to the 
lieight of the forest above the level of the sea. 

(b) The forest diminishes the evaporation of the surface water in a 
much greater degree than an open field. In those whose grounds are 
kept clean it amounts to 62 per cent., and in the others to 68 per cent. 

(e) In the interior of the continent, where the humidity of the atmos- 
phere and annual rainfall decrease and the degrees of snmtner heat 
increase, the forest has a greatei- influtMice on the rainfall than in the - 
coaiit regions. Ireland and Great Britain can dispense with their forests 
more easily, as far as rainfall is concerned, than Germany or Russia. 

*The ^ihystcHl eti'oct of the forest ou the utinospiifie and ^oil, and it» cliniatuluj^ical 
and hyj^iouic importance, based upon observations made at the foresters' meteorologi- 
oal stations in tna Kingdom of Bavaria. Aschattenburg, 1873. 
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{(1) Large dearingrs in level conntries have material Inflnence, it is 
true, but in hilly regions there will be, on an average, less raiofall than 

before, and especially in the warmer halt' of the year. 

Even if it were assumed that, after elearinj; forests, under all circuni- 
stances, the raintall would be the same as before, the enormous inllii- 
ence of the forest, and. its gi'oiuul covered with leaves and brash upon 
the evaporation of its sarfkce water, in conaeqnence of which, compared 
to the surr(Mnidin«i" country, it nnist be considered a great reservoir, 
■would sullieienrly explain the well-known failinji' of springs and its influ- 
ence in diminishing- the mediiim staj»es of the rivers. 

(e) Tliere is auotlier tixed relation between the stage of water in 
rivers and the forest caused by the fact that in wood^ localities the 
snow lies three or four weeks longer and melts less rapidly than in clear- 
ings. In an open country the rise in rivers occurs more rajjidly after 
the melting of the snow: the latter runs otV more rajtidly, less soaks into 
the ground, and the springs arc therefore fed less than in wooded coun- 
tries. 

(/) Extensive clearings are more injnrious in hilly than in level 

countries. They ])rodue«» in a short time destructive torrents, dry 
periods, then short hut de>truetive inundations, formation of sand bars 
in riveis, waiil of perennial s[>rin.i::s and ere<*ks, ami ;4reat variations in 
the staj;e of the rivers. These most certainly occur and characterize 
such regions in which the bills have been cleared. 
Mr. Ebermayer says, finally, viz: 

(g) " If we combine the different effects of the forests, there can be no 
doubt but that their (lisa|)]>earanee must consideialtly <Iiminish the 
vohnue of water i'l a country, even if after the clearing there is as much 
rain (all as before.'' 

"The 1 acceding statements showhowclosely the wealth of forests and 
water in a country are bound together ; a circumstance wliich is partic- 
ularly due to the powerful intluence which the forest and its ground 
covered with leaves and brush has u])on the eva])oration of the moisture 
in the ground. It is, then, not to be wondereil at that sprin»4s and 
creeks dry up or How oidy periodically j that the mean stage of rivers 
and creeks diminishes in height when large clearings are made in a 
country, and that On the Other hand springs flow more copiously an<l 
regularly when new trees are i)lante(l and forests are increased in extent.^ 

10 and 11. The imjjerial chief forester, I'^dwanl Xey, ot I.a P>rogue, in 
Alsace, in a paper published in January, 187.">, entitled '* Ueber den Ein- 
fluss des Waldes auf die Bewohnbarkeit der Lander,*** and Dr. Jacob 
von Bebberer, in his paper published in 1877, entitled Die Begenver- 
hSltnisse Deutschlands,'M lioth wi itten after observations made during 
a long series of years, on the great iiilluence of the permanence of forests 
on the hydianlie condition of conntries, have expressed precisely the 
same opinions as i'rotessor Ebermayer. 

As an illustration of the fiict that the clearing of hilly conntries fre- 
quently results in the complete fading of springs, Mr. Ney mentions 
that in the Provence, after all the olive-trees, which there formed regular 
forests, had been frozen in IS'Jli and cut down, a great nund)er of springs 
failed totally, and that besides, in the city of Orleans, after the surround- 
ing heights had been thus cleared, nearly all the wells dried up, and it 
became necessary to conduct the headwaters of the river Little Loire 
into the city. 

Mr. Ney furnishes the following examples to prove that during the 

* " CoiuH'niing the intliuMicH of the forest ou the hnbitableneaB of eoimtiies." 
t " The circumstances relating to raiu iu Germany." 
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historical perioil many rirers once rich in water supply have become 
mndi poorer therein, notwithstanding their more frequent floods in con- 
sequence of the destruction of the forests, viz: 

At the time of the ]\oniaii rule in r'ranee, the river Dunince. south of 
Avi^^non, and the Seine were navi^^able rivers and richly supplied with. 
-vidtery so much so that the navigators of the Durance formed an in- 
fluential corporation, and Emperor Julian, who resided in Paris during 
a period of six years, partienlarly extols the constant even stajje of the 
Seine. At ]»resent, since the rejri<>ii>< of tlic lieadwaters of these two 
rivns have been ch'ared, the Durance can hardly lioata skirt* in summer, 
and the Seine, in which the difference between the hi^^h and low water 
stage is now 32 feet 10 inches, was only made navigable again by the 
oonstrnction of numerous wing-dams. 

12. The director of the royal board of foresters of Hanover, Dr. Bnrck- 
hardt, in a letter addressed to me on March ."), 1S7(>, says the views ex- 
|iio.4:s(mI by me in my tieatise weie expressed in words which were as if 
taken from his ow ii soul, and tlial he liad also, in the course of his ob- 
strviitions extending through a period of twenty-live years, seen the 
sad results confirmed that in consequence of the clearings made in North 
Germany there resulted the disapi)earance of many lakes and i)onds, 
draining of marshes, failing of many springs and creeks, and tlie lower- 
iiifi- of the surface water, wlu'reby the cnltivatiou and productiveness of 
the remaining:' fiehls sutl'ered sadly. 

13. Trof. Alexander liettochi, inspector of tlie lioyal Corps of Civil 
Engineers at Rome, in his memoir submitted to the Boyal Academy, 
*'dei Lincei," in June, 1876, which was subsequently pubh'shed as a 
paper, acknowledges that my theory relative to the diminution of water 
ill sjn in^s and rivers eonlemporaneously with the increase in height <»f 
Hoods agreed with observed results, and still further substantiated it by 
plotted observations made on the Theiss at Szegediu. 

14 Mr. Frederick Symong, imperial and royal professor of geography 
at the University of Vienna, honorably known by his researches and 
snrveys in the Alpine regions, in his lecture entitle<l "Schutz dem 
Wnldc,"*' given February 1*1, 1S77, before the Society toi- the Diffusion 
ot Knowledge of Natural Sciences, at Vienna, acknowledged my theory 
a;> being correct, and at the same time proved conclusively that in con- 
aeqoence of the destruction of the forests in mountainous regions the 
nunfall diminishes at those points^ vegetation on the mountain sides is 
constantly receding, the soil is wa.shed off, after which the mountains 
crrarliially become i)eriectly barren. A further result of this is a decrease 
of water in the lower strata, in S])rings, creeks, and rivers, which in turn 
aie succeeded by the drying up of the vidleys, and the gradual devasta- 
tion of cultivated lields, thus x)roviug the truth of the saying of a great 
natnraltst, ^'Man strides over the earth and a desert follows him." 

l "). Dr. F. W. Dunkelberg, director of the Royal Agricultural Academy 
at IN)])elsdorf, in his work entitled Die S(rhiffartlis-Canjilo in ihrer 
r»L'dentung fiir die Landes Melioration "t (l»onn, 1877), concurs Avith 
lue in my theory relative to the decrease of water in springs and rivers, 
it being the result of his own observations and experience. 

16 and 17. Further along during my discussion of the observed results 
on the Elbe, I will give the concurring views of Mr. M. W. Schmidt, of 
Dresden, royal dirtM-tor of hydraulic w^oi-ks, and <d' Mr, Maass, of Magde- 
hiu'g, a member of the royal board of public works. 



* Protect the forest. 

tThe importance of navigable channels in the unprovement of cottntries. 
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18. Mr. Robert Lauterburg, the Swiss engineer and hydraulic expert, 
who occupies a great deal of his time in collecting exact data and in 
comparing the relative discharge of the rivers of Switzerland, in his 
paper ciititlod "Ueber deu Einfhiss dor Walder auf die Quellen und 
Stromverhiiltiiisse der Schweiz"* (published l)y Schulze at Basle, 1877), 
aunouuces the following very reliable results of his surveys, viz ; 

In the Mekusse formation within an area of «29 of a square mile the 
relative discharge of springs was accurately measured, and it was found 
that those in wooiled portions discharged from five to ten times the 
amount of those in the clearings. 

Kow, as it is universally known that during those periods in wliich for 
weeks there is no rain the creeks and rivers are almost exclusively fed 
from the springs, filtration, and surface water, and also known that 
since the introduction of railroads and telegraphs in Burope, as well as 
the general and extraordinary increase in all kinds of manufactures and 
trade, such a eolossal consumption of building and fire wood has taken 
place that in Europe several million hectares t of forest which formerly 
existed, and particularly iu hilly regions, have been cut down and de- 
stroyed, it can be concluded In advance, nom the result of these obser- 
vations in Switzerland, and without giving the gauge readings on rivers 
and streams tlic least consideration, that during the last forty years the 
tlischarge of springs, creeks, and rivers, during low and medium stages, 
must certainly have decreased. 

Kow, I will take the liberty of showing that not only in Europe, but 
in the cultivated portions of other parts of the world, the discharge of 
their rivers and streams has also decreased during the last decade. 

30. In a report niiule to the Rouse of Ivepresentatives on March 14, 
3874, the ( 'ojuniissioner of l*ublie Lands of the United States of America 
expressed his fear that the continued destruction of the forests w^ould j 
seriously injure the public interests. At the request of the Oommis- ' 
sioner to submit this important question to thorough experts, the Ameri- 
can Aeademy of Sciences charged a committee composed of several of | 
its members with the task. After the committee had collected accurate 
data and given the subject mature deliberation it made an extensive re- 
port, full of statistical information, from which I will quote only the 
following chief points. 

The committee in this report reoounts the bearing and importance of 
forest culture not only for tinilM'r, but also as a means of improving the 
general welfare, as tlie eliniatie conditions dejx'ud ui)on the existence 
of forests and deteriorate with the destruction of the latter. 

The evident results of the destruction of forests are ^ the failing of 
springs, drying up of creeks, decrease in volnme of water in the rirers, 
canals, and streams, and the increasing ditlTcrenee between high and 
h)w M'ater stages in the latter." The fact that the volume of water in 
rivers and streams decreases in i)roportion to the destruction of the for- 
ests will not escape any careful observer, anil America is threatened 
with the danger that changes will take place in the permanence of its 
largest rivers even, fraught with the most serious results, unless suitable | 
measures are adopted in pro}>er time. i 

The committee tinally enumerated and recommended measures and j 
precautions most suitable to stop this threatening calamity, which arc 
nearly the same as those wliich I i)roi)osed in my iirst treatise of 1873. 

Congress, appreciating these suggestions, passed an act dated August 

*0u the intlueuee of forests ou the cuiuUtioii.s of the si»riug8 anil atreams of Switz- 
erland. 

• t About two aud one-half acres. 
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15)1876, appropriating $60,000 for the purchase of seeds and plants and 

Generally for the improvement and proincition of forest culture; and a 
further sum of $2,(MX) as a prize to an expert in tiie investigation of tlie 
question of forest and tree culture and the means which best commend 
themselves for the preservation, improvement, and planting of forests 
in North America^* 

20. The above prize was won by Dr. Franklin B. Xlough^ through his 
scientific work! on this subject, in which he points out in great detail 
tbe influence of forests on the even and seasonable rainfall, upon the 
acqaisition of a regular water supply to the sxjriugs, creeks, and rivers, 
and Anally an the prevention of extraordinary floods, and in which he 
then cites the proofe furnished by my treatise of April, 1873, and agrees 
with me in the views therein expressed and with tlie theory concerning 
the decrease of water in springs and rivers as therein announced. 

It Will be seen from the ofhcial imx-ecnlings and the scientitic data 
which have been collected, as just mentioned, that already in North 
America even, where, partly through the vandalism, ignorance, or 
awice of the inhabitants and partly through elemental disturbances, 
rery extensive tracts of wooded lands have been cleared and totally de- 
stroyed, the highly injurious eftect thereof, and particulai ly the decrease 
in the volume of water in their springs and rivers, probably has become 
more evident than to us iu Europe, and that also the government of that 
coantry has forthwith recognized the danger resaltmg from this not only 
to its present but also to its fhtnre generations, and &at it now proposes 
to apply in the most energetic manner such measores B» will prevent 
this danger as nuuili as possible. 

21. The only knowledge which 1 have thus far obtained relative to 
to this question in Sonth America is taken from the following article, 
dated December '5, 1878, written from Bio Janeiro to the Colnisdie 
Zeitung,! viz: 

"A phenomenon is developing which causes apprehension on the part 
of the inhabitants on the banks of tlie Amazon, namely: The stream is 
receding iu an ax)palliug manner, and paiticularly above Manaos navi- 
gation is already imposdble. There is a constant decrease in the stage 
of the river, the causes of which are wholly unknown. It is very de- 
Arable that thorough naturalists should examine this phenomenon." 

XoAv, if such a remarkable decrease in tlie volume of water has been 
observed in the uppci portion of the Amazon, which is the largest and 
lias a greater wealth of water than any other river on the face of the 
globe, it is very probable that similar decrease in the volnme of water 
has taken place in the other rivers and streams of Sonth America, and 
that this cannot l)e substantiated for want of observations alone. 

22. Mr. John Croumbie Brown, tht; distinguished naturalist, formerly 
professor of botany at Cape Town, in his book entitled "Hydrology of 
South Africa, compiled by John Brown, LL.D., Kirkcaldy, printed by 
John Crawford, 201 High street, 1875," has published very hiteresting 

*The anthor is mistaken herein. The act approved August 15, 1876, directed the 

Commissioner of Agriciill un^ to api^oiiit Monie niau of approved attainmeutB and prac- 
tically well acquainted with tlie uietliods of statistical inqaiiVi with a view of ascer- 
taining the annual amount of consumption, importation, ana exportation of timber 
and otuer fon!St products, the pr()1>al)le sup|)ly for future wants, &c. On August 30 
1876, Uou. Frederick Watts, then CommissioDer of Aericulture, appointed Dr. Frank, 
UuB. Hough, of Lowville, Lewis County, New York, to the mscnarge of this impor- 
tant duty. 

t Report upon forestry, prepared under the direction of the Commissioner of Agri- 
culture, iu iiursnanoe of an act of Congress approved i5th of Angnst, 11^76, by Frank- 
lin B. Hough. Washington, Government Printing Office, 1S78. 

i Cologne Gazette. 
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observations and experiences, extending^ tb rough a long series of years, 
concerning the former and present condition of the countries as well in 
Africa as in the larger islands of the Southern Ocean, of which I will 

briefly mention but a few. 

In South Africa there are >et fouiul scattering groups of trees of 
gigantic tlinieuHions and great age, but witliout any corresponding after- 
growth, which are undoubtedly the remnants of former extensive forests 
which were cleared or destroyed by lire. These ancient gigantic trees 
prove the former great humidity of the climate and the rank fertility of 
the soil. 

The d(»structioii of tlic forests in South Africa and the custom which 
prevails tiicrc ot destroying their tall grasses by fire liave contril)Uted ver3' 
much to the parching of the soil in those localities, so that new trees are 
only fbund along the banks of rivers and in high mountain passes. 

Dr. Livingston and Dr. Moffat also describe the burnings just men- 
tioned, and the latter refers to an extensive forest of wild olive trees in 
the vicinity of the city of Cirifpia which was destroyed by lire, and men- 
tions the gradual decrease of rainfall which resulted therefrom. 

Mr. lirown notes many observations concerning the numerous and 
sudden changes which occur at present firom severe droughts to violent 
rains, causing destructive overflows and the evident decrease in the vol- 
ume of water, indeed the complete drying up of many creeks and rivers 
as well as their cliaime into torrents; which, however, are only created 
when the forests ami p!;inls <►! the mountain slo])es were destroyed and 
the soil was washed away in cousetiuence tliereof. In countries where 
mountains are covered Mrith forests no torrents are formed, but, on the 
contrary, plenty of springs, creeks, and rivers, which serve to increase the 
fertility of the soil. 

The author furtlier reports u])on tlie decomposition of the former rich 
soil by the sun's rays, by which the country beccunes sterih*, and the 
lields whicli were once rank are converted into deserts, and says that 
these very disastrous changes are, according to the scientific investiga- 
tion of Mr. Brown and a naturalist cited, by him, entirely due to the 
destruction of the forest in those countries. 

In the concluding cliai»t«'r of his work Mr. Rrown recommen<ls, for the 
])urpose of renu)ving or at h'ast anu'liorating the evils which have re- 
sulted from the destruction of forests, mciisures and precautions almost 
identical with those proposed by me in my first treatise of 1873, although 
the latter was unknown to him when he compiled his work. 

In the second work ])ublished by Mr. Brown, entitled "Forests and 
Moisture, or Ktt'ects of Forests on riumidity of Climate, compiled by John 
Croumbie Brown, LL.l).. I'd iid)urgh, ISTT," he ]>roves conclusively, in more 
detail, not only theoretically but also by numerous illustrations, the fact 
that forests have a great influence and efiect on the humidity of the air 
and surface of the earth, the drying up of marshes, the formation of 
clouds, on the <iuantityand regulardistributionof rain among the difl'erent 
seasons, and the discharge of s])rings and rivers. In this work Mr. Brown 
cited the data collected in my treatise of 1873, and declares himself as 
agreeing with me in my theory concerning the decrease of the volume of 
water in si)rings and rivers. 

23. In conclusion, I must here advert to a fearful catastrophe which 
lately occurred, and strikingly proves the disastrous results of unlimited 
destruction of forests. 

The iHU'thern ])rovinc(« of the Chinese Em])ire, Shan-Si, wliose ca])ital 
is Tayeun, is inclosed on all sides by high nu>untain raniies, which in 
eiirly ages were covered with dense forests. At that time it i ained here 
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every year jjeriodically, the atmosphere was sufficiently humidj autl it 
belonged to the fertile, well-cnltivated, and densely-settled provinces of 
the Chinese Empire. Bat the iuhabitants of this once bloominjo^ and 

happy country, through greed and in the endeavor to increase the yield 
of these niountain sh)pes more and more, ha\ e gradually cleared the 
surrounding mountains comph'tcly. The result is that the former pe- 
riodical rains have almost ilisappcarcd, and that the rainfall as well as 
the humidily of the atmosphere have decreased, and that, consequently, 
in this province failnre of crops, want, and misery have succeeded each 
other during several years. In 1877, already, there was such a general 
drought, failure of crops, and famine, that in consequence thereof nearly 
three millions of souls perished. In the official report of the governor, 
Li Ho-uien, chief comiuissioner of the board of relief, the following 
aocomitof this catastrophe appears, viz: 

During the first period of this unheard-of fomine, the living sub- 
sisted upon the corpses of the dead ; then, later, the weak were devoured 
by the strong; now the misery has reached such a stage that the peo- 
l)le devour their own blood relations. History, u]) to this date, has not 
shown a more horrible state of atl'aiis than this, and unless measureiii 
for relief are prouiptly taken the entire x>oi)ulation of this section of 
the oonntry will be destroyed." 

The Catholic bishop, Monagatta, in a letter from Tayeun, dated March 
24,1878, corroborates the description contained in the above report of 
the horrible scenes enacted during the famine. 

The ruinous results of the destruction of forests are also .showing 
themselves in the other x>rovince8 of China ^ in the highlands by killing 
droughts, and simnltaneously in the southern lowlands of the empire by 
destructive rains and overflows. 



C H A P T E Li 11. 
Clearing up the docbts and RRBurrnw the aroumejcts op the owoxekts to 

MY THEORY OX THK DKCRE.VSE OK WATER IX KPUIXCJS AXI) ItlVKHH, AXD OOUMUXI- 
CATING THE NEW DATA AND OBSEKVATIONS RELATING THEKETO COLLECTED BT 
ME SINCE 1873. 

So far as I have been able to learn, up to the i)resent time, from pub- 
lished wcu'ks and scientitic periodicals, the followin;*' en^^ineers and ex- 
perts have expressed views in opposition to my theory, viz : 

1. The coniuuttee of experts of the Society of Austrian Engineers 
and Architects, which, in its report already referred to by me, agrees 
inth my theory in general, but doubts somewhat the proofs wMch I 
offered and the conclusions drawn therefrom. 

2. Mr. Sasse, royal Prussian miiiisterial counsellor and member of the 
board of public works (Zeitschrift fUr Jiauweseu^ von G. Erbkam, in 
Berlin, von Jahrl874). * 

3. Mr. Eluge, royal Prussian inspector of hydraulic works (in the 
journal just mentioned). 

4. Mr. Schlichting, royal Prussiau inspector of hydraulic works 
(Deutsche IJauzeitung, Jahr 1870).+ 

5. Mr. Grebenan, member of the imperial board of achitecture and 
director of hydraulic works (Deutsche Jiauzeitung, Jahr 187G,) t 

'Journal of Arcliitectun', Berlin, 1^74, G. Erbkaiu, publisher, 
t German Gazette of Architect me, l<?7ti. 
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6. 3Ir. Grave, royal IM nssian district archit^ict and deputy director of 
public works (Deutsche Bauzeitung, Jalir 1877.) t 

7. Mr. Charles Hurich, royal Huugariau luinisterial counsellor (Zeit- 
schrift des lugarisclien Ingenienr nnd Arohitecten Yereines.) * 

8. Dr. Joseph Ritter Lorenz von Libunian, imperial and royal minis- 
terial counsellor (AVald, Klinin, und Wasser, J 878.) f 

These oi)ponents urf^eil a<;ainst my tlieory and the prooiis on which it 
rests the tbllowinf^ doubts and ar^^uments in general, viz: 

A. That the decrease in the stages of water, i, €., the lowering of the 
water sorfMses shown by me to have taken place at the nine ganges on 
the five rivers may not have resulted fh>m a decrease in discharge, but 
from a deepening of the river beds or a change in the slope caused by 
works of improvement. 

B. That the established fact that the stages of these rivers have de- 
creased in height does uot furnish reliable proof that their discharge 
has decreased. 

C. That it may be possible that the increased discharge of streams, 
produced by the higher floods of the present time, brings the decreased 
discharge caused by the dimirislied height of low and medium stage to 
the former general average, and then the observations famished would 
only show that during the last decade the regimen of rivers and streams 
has undergone a chan|fe. 

D. That gauge readings of a stream extending through a period of at 
least 200 years are necessary in order to draw a reliable conclusion from 
them whetlier a decrease in volume of water has really taken place or 
not. 

E. That it cannot be determined with certainty from a comparison of 
the lieights of ditferent stages of streams whether a decrease in tiie vol- 
ume of water has taken place or not, and that this can only be done by 
directly measuring, fiom time to time through a long period of years, 

the actual discharge of rivers and streams. 

F. That the assertion made by me that the amount of rainfall had 
decreased in cousequence of the great devastation aud destruction of 
fotests is not at all proven by the examples which I fhmish, and the 
opinions of scientific authorities which I cite, because from meteorolog- 
ical observations extending through a long series of years in England, 
at Paris, St. Petersburg, and Copenhagen it cannot be deduced that 
the rainfall has diminished. 

G. Mr. Grebenau declares that my theory relating to the decrease of 
volume iu water is incorrect, and advances instead the new theory that 
the beds of creeks, rivers, and streams, are continually deepened by the 
erosive power of the running water, and that alone in consequence of 
this deepening, the heights of the water stages constantly decrease,*, e., 
the water surface of rivers and streams sinks deeper aud decider. 

Since Mr. Grebenau deidares my theory incorrect, and substitutes 
therefor one which is entirely new in hydraulics, 1 propose, lirst, to 
thoroughly discuss the arguments and proofs upon which it is based, 
because, in case his assertions and theory should be well founded, the 
discussion of the other doubts and objections can be dispensed with. 

In conse(inence of the invitation heretofore mentioned, given by the 
Imperial Academy of Sciences of Vienna, to all foreign scientitic insti- 
tutions, Mr. Grebenau, among others, was requested to give his opinion 
of my treatise on tiie decrease of water in rivers and streams, based upon 
his observations and experience relating to this subject 

* Journal of the Society of Hangarian Engineefs aad Azohiteeta. 
t Iforesl^ climate, and water. 
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TJpoii tliis, Giebcnaii, witli liis charactiMistii! tireless dilijiiiMice aud 
ener{i*y, colliictcd the j;auge reiuliiii'sof fourteeu lai yei ri vers and .streams, 
eomimred them, combiued tbem in various ways, at tbe same time 
studied zealously tlie water (luestiou raised by me, and tlieii pive ii 
•Ictailed lecrnre as it'siilts of liis invesfiiiations, on S«'}»t«Miil»er <», 
1>7<», at till* Lii'iit'ial iiHM'iiim oT tin' riiiou of" .Sorii'r ics of" (n'rinaii Vai- 
giueers aud Areliiteets. liclil at 31uiiieii,on tiie '•binkiui^ oi riveris, aud 
the plienomeua aceoiupan viii;;- it," iu which lie communicated the follow, 
iug, viz*: He compared the readings of 75 <»:auf»es on 14 nvers ior low, 
1111(11 inn, and \u}x\i water stafres, divide<l them into two jieriods of ob- 
si rvatioiis. siinilai" to the iiiaiiiier in which .Mi'. We\ did^ caleulated the 
mean ol' these, eoiiipaied tlieni, and. assiimiii"' that the mean of tlie 
observations at the above-uientiom d stages need always only bo taken 
into consideration, obtained the following results, viz: 

The medium stage of 12 rivers, supplied with 07 gauges, receded, /. c, 
the surfa<*e of the water sank, on average, from :) feet 3J inches, 
to () feet iVj inelies; on tlie contiar.v, the stage's (»f 4 livers at 0 gauges 
hicreased iu heightfuud, indeed, just at those at which the lialf periods 
of observation were very short, they lasting only 7, 7^, 12^, aud 16^ 
years. 

From tlic K salts of these observat ions Grebenau concluded that in the 
clianges which take ])laee in the fall and rise of the river at several 
gauges on tln^ same river at the same time of observation when the dis- 
charge is nearly uniform, no (iecrease iu the volume of water cau be 
substantiated, because if the fall of the river shown by the reading of one 
gauge would indicate a decrease, a rise shown at another gauge of the 
same river would indicate an increase iu the volume of water, which 
clearly is imi)ossil)le. 

"jS^ow, as Mr. Wex admits in his treatise that on several rixcrs. and 
particularly at nine gauge stations on the Danube, the bed of the river 
either raised or sunk, his theory that a decrease iu the height of st ages 
of a river or a sinking of its surface indicates a decrease in the volume 
of the water be<'omes. through this adiiii-ssion alone, untenable." 

(iiebeiiau tiu ther remarks eoncerniiig m v theory that the great amount 
of the decrease iu tlie stages of several streams established by the ligiires 
given in my treatise prove that this cannot be the result of a decrease 
in the volume of water, because otherwise these streams would in sev- 
eral hundred years be without water and their beds dry. 

In reply to these eonelnsions of Gi'ebenau, 1 believe it to be my duty 
to make the following explanation: 

It is certainly generally known that the beds of rivers aud streams 
whicli are not yet improved, or on which the improvements have just 
been begun, are deepene<l in some stretches and raised in others by the 
forinaiion of bars, ami that therefore in consequence of this a sinking or 
raising of the water may occiu',ii'om which no reliable conclusions could 
be drawn. 

But if, from the numerous gauge readings which are submitted by me 
are eliminated those which were taken on stretches of the stream in 
which changes in the bed of the river took place, we will still find some 
rivers or sti-etches of streams which lie either in a natural uuchangeable 

* All abstract of tliu Irtter was ]iiil>liKht><l iu the Gorman Gazette of Architecture, of 
Ootuber 21, IS76. (irebeuau hiul iiidre i-xtcnsively elaborated his investigations in the • 
water qticHtion, aud ha<l prepared them for publicatinu wlieu. uufortunately, too 
so )ii (b'adi lore liiiii away ou Jimr 23, l*^?". His hijilily-rcspt i hd widow was ho kiud 
as to trausuiit to lue the luauuscript for iuspectiou : but our united etibrts to publish 
It were vaiu, in conaequenee of the neo^ary expense, which was condctOTable. 

2w 
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bed or wliicli have been improved from time immemorial and are in ii 
pennauent condition. Tlie most sernpuloiis expert uiiust admit that on 
such rivers and stretches we can justly assnme that the decrease in 
their stages, u e., sinking of their surface, indicate.s a decrease in the 
volume of water, since it would be impossible to explain the phenomenon 
in any other way. 

I must remark couceruin«j the second objection of Grebenau to my 
theory that in my first treatise of 1873 I only expressed the apprehen- 
sion lest the creeks. and rivers, still replete with water, which exist in 
cultivateil coiintries mijrht, gradually, during: a larger part of the year 
have little discliarp:^; but, on the contrary, after heavy rains swell fear- 
fully and lu'come converted into torrents. 

It is a historically-established fact that such changes have already 
taken [>lace in the cultivated countries of ancient times, and only those 
can doubt it who are unacquainted with the geography and history of 
those countries. 

It is out of the fpiestiou to sn]>]>ose that a streaT?i which is created by 
the continence of many creeks and rivers can evef completely dry up^ 
because, alt hou^fh the rainfall is diminished by clearings, yet it will 
never completely have an end, and because in a large river valley the 
springs, creeks, and ti'ibutary rivers can never lose their water simul- 
• taneously, since the rainfnll is irroj^ularly divided amongr the valleys of 

the difl'erent creeks and tributary rivers, and the liij^h water of the one 
trecpiently reaches the main stream simultaneously with the low water 
of another. The change of the tributaries into torrents cannot there- 
fore completely dry np the main stream, but it may cause great and 
numerous variations iu its stage, which might become excessive. It is 
clearly ai)])arent from the i)lot of gauge readings given in my tirst treatise 
that tliis cliange has already begun in several streains of Europe, 

I believe that 1 have thus successfully controverted the objections 
brought forward by Grebenau against my theory, and I will now pa^ 
to a closer examination of the new theory established by him. 

Grebenau, as already stated, pointed out a considerable decrease in 
the lower, medium, and higher stages, ?. e.^ a sinking of tlie water sur- 
face of 12 rivers at 07 gauges, and explained this remarkable phenom- 
enon by the following new theory, viz : 

The mountains on the surface'of the earth are being contiuoally re- 
duced in size by washings caused by the working power (called by later 
geologists the jiower of erosion) of running water and the adjacent de- 
ju'essions or vaUeys tilled up and elevated. (Irebenau then sets up the 
following thesis on the etlect of this power of erosion of running water 
on the beds of streams : 

1. The mud which is created when a river rises is due to the friction 
of the different kinds of dihriis u])on each other, and the floating mud 
is therefore the necessary result of the rolling debris. 

2. This mud is generated and carried farther at each point when 
there is rolling dehru. and, therefore, increases continually in a down- 
stream direction ; and, indeed, according to the rule of aritihmetical 
progression. 

3. The voids produced in the debris by the mud thus carried off are 
the causes of the continued and lasting deepening of the river bed and 
the resulting sinking of the water surface. 

Grebenau, assumiug these theses as established iu discussing the 
Bhine, whose water surfooe in Alsace, as he proves, sinks on an average 
.64 of an inch annually, and, therefore has sunk 5 feet 4 inches duringp 
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too years, and 53 feet 4 inches during the last 1,000 yearn arrives at the 
conclusion that about 5,900 years ago tlie falls at Schaffhanson did not 

exist, and ha\ e only been catised since that time by the sinking of the 
bed of the stivain below, and that about 1,000 years ago the sui lace of 
its ceutial portion below Basle was at the height of its present high 
bftnks, or 53 feet 4 inches higher than it is, and that it then washed and 
formed these banks and since then has deepened its bed and lowered its 
water surface to that ainoinit. 

If the theory of (Irebenaii that the lu'ds of all rivers and streams 
art' deei)ened by the i)ower of erosion at a continuous rate ot ^ to ^ of 
an inch annually — consequently from 3 feet 1.^ inches to G feet 3 inches 
in 100 years, and from 31 feet 3 inches to 62 feet 6 inches in 1 .000— were 
considered well founded and true, it M oald have a very injurious effect 
npon the cultivatiouof cnuntriL's and ftitnre {generations. I have, there- 
fore, since 1S70, collected <lata and stndie<l the (juesiion in the most 
tiiorough manner, antl 1 take the liberty to communicate brietly the 
result thereof. 

it is known to every hydraulic engineer and geologist that rivers and 
8t:evn8 flowing through large broad valleys, if left to themselves, do 
not d epeu iheii' beds, which I'onsist of coarse nmnded gravel and dwris^ 
hnt canst^ their l>anks, which consist of lighter earthy material, to cave 
Hi, laigely increase the width of their beds, create islands, bends, and 
mift cnrrents, and finally, as they lose through this tlie most of their 
transporting power, the dihrift from the regions of their headwaters and 
tributary cnM'ks and rivers is dejtosited and raise their beds. 

During ]>ast agts these wild rivers an<l streams meandered at will in 
tin' valleys, and created their existing banks by tilling up the deep 
guUeys and basins of \he sea which previously existed. At the present 
time these wild streams raise their banks Tydepo^its of mud during 
overflows, but not as rapidly as their beds are raised, and it frequently 
I a;»ppns that the diiterence of h vel between tlir i)anks end bed of the 
river is diminished and the height of oversows increased. 

It is also very well known to every experienced hydraulic engineer 
that the velocity and motive power of these wild streams can be so rnndh 
increased by their improvement, i. e., by narrowing its wide stretches, 
closing subsidiary channels, making cut-offs, and finally protecting its 
hanks, thus increasing their slojie; that the beds of these "mproved ])or- 
tions will be gradually deei)ened by the removal of the i)L'l>bles an<l 
dUbriH which raised them, and that they will be enabled to move the 
Uhrin which is brought from the region of the headv atera by high 
waters farther down stream. If, however, this imi)rovemeijt is not 
m ide throughout the wh(>le stream this fh'hrh will be depo.'-ited in the 
lower parts thereof, and thus raise its bed and cause it again to run 
wild. 

The fact just mentioned that rivers and streams, in their natural state, 
have a tendency to raise their beds, and consequently their water sur- 
face, and that a deepening of the former and lowering of the latter can- 
only result from their thorough improvement, has br en already men- 
tioned in a detailed manner by Mr. llagen, royal Prussian privy coun- 
selor of the superior board of public works, in his admirable manual 
on the knowledge of hydraulic works, and many more of the distinguished 
hydraulic engineers of Germany antl Italy who I requested in writing 
to give me the result of their observations on this jioint have declared 
that after many years devoted to the study thereof they consider this 
an established fact, and none of them could furnish me with a single in- 
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stance in \vlii< li tin' lied of a river or stream M as coiitinnally deei>6ned 
by tin' natninl ]M)\v»'r <>f rTosion ol tiM' riiniiiiii:' \vat«»i'. 

Altliuuj;li it uiusl l»ea«lmitltMl that llu* tVicti«)n of the particles of j^ravel 
brouj^ht (iown by high water against each other does cause «onie uiud, 
yet it must be clear that by far the greatest part of that carried along 
by high water i.s ])ro(luce<l by the rain washings of the valleys, by caving 
of unprotectt'd hanks, and liiiallyby tlic ^^7>r^v. sand, and earthy matter 
e!n|>ti»Ml into the strcMin by its tribntary creeks and livers, so that a 
deeijcniiig tit the bed cannot be even inferntd from tiie <]uantity of sand 
carried oft' by a stream, much less can it be measured thereby, be- 
cause that which is produced by the friction amoug the iiarticles of 
d4bris is vastly overweighed by the very laruc i|i!antity of rnbble san<l and 
eai th \\ lii« h is brought in at every high stage fram the headwaters 
and 1 ril>ntari«'s. 

From this it follows that the theory advance«l by Grebenau that the 
mud transported by the high water of streams is principally created by 
the friction of the ]>articlesof lUhris on each other, and its serjuence 
that the beds of old rivers and streams are continnally deejiening 
through the jiower of erosion of their running water, is evidently incor- 
rect, since in all rivers and streams in their natural state precisely the 
opposite, namely, the raising of the bed, takes jilace. 

The incorrectness of the theory advanced by Grebenau is also proven 
by historical facts, for if the deei>eiiing of river beds had continually 
taken place in eai lier times all valleys whose sui-fuces are now oidy from 
() feet <»] inches to feet inches above the medium sran(M)f the river 
must have been permanently inundated about 000 years ago, which 
plainly was not the case, because at that time cities and many inhabit- 
ated places existed therein. Mr. (rrave in his criticism of Grebenau's 
Uieopy* (Deutsche Bauzeitung vou Jahr, 1S77, Nos.54 and o(») has already 
proven at considerable length the fact that it was opposed to historical 
facts. 

I VA\\\ leave the contradiction of Grebenau's theory concerning the 
creation of the foils of the Rhine by reason of the sinking of the river 
bed below to the geologists, who are better versed in such a subject, but 
I must, on the other hand, ojippose in a determined manner is further 
assertion that about I.ODO years ago the watei' surface of the Khine lielow 
Jhisle wa»ion the same level with its high banks, and that it ma<le these, 
and since that time its bed has been deepened about 5'3 feet 4 inches. 

Grebenau, at the general meeting of the "Pollichia,'' in Dtirkheim, 
delivered a lecture, on S« pte!ul)er 11, 1809, entitled *'Der Khein vurund 
nach seiner Kegidirung,"T which was subsequently published as a pai)er. 
with niajts and juotiles attached. whi<-h i»roves, at great length and very 
thoroughly, that in prehistoric times there existed, in the present valley 
of the Khine, between Basle and Bingen, a large sea wnich gradually 
flowed oiF, as the mountain gorge between Bingen and Bonn was formed. 
The basin of this sea was tilled up by the large masses of rubble and 
iJehrh brought into it, not by the IJhine alone, but also l)v the ci'eeks and 
other rivers wiiidi emptied into it, to witiiin from 'VI feet inches to Cm 
feet 7^ inches of the present surface of the valley. The high banks, 
also called the Dilnriau terraces, which are from 3.1 to 4.3 miles apart 
and 32 feet 9 inches in height, were ( Icarly onc^e the rim of this basin, 
and received their i)resent form partly through the action of the wave.< 
of this sea, which subsided very slowly and in proportion to the crown 

*G€niian (i.i/' tif ol' Aitliit<-cturi>, 1^77, \os. C4aDd36. 
tThe RUuic befoiti ani alter its iuiprovemeut. 
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ot" the rut ky crest of the fiilU at iiinyvii, ami i)artl,v to the uiideniiiaiiig; 
canseil by the Rhine, which meandei^ in this irrepfnlarly filled-np basin 
in the wildest manner. Since the basiu lias filled ii]), and after the sloiie- 
ba<l become regular between the crest of the overfall at r>in<;en ami the 
liver bed, also <*(>iisistiii.u- of rock, at Basle and at AVahlslmt, the Khine 
lias uot only not lowered its adjacent banks, which are eonii)osed of 
coarse gravel, but on the contrary has raised them from 3 feet 3'^ iuches^ 
to 6 feet 6} inches, by depositing upon them sand and mud during its> 
frequent oversows. 

The gradual sinking of the water surface of this sea is, to-day, plainly 
visible on the high banks on l»()th sides, and also the subse(iiient uiider- 
uiining of the latter by the wildly uieandering Khine, and then, in cou- 
scqiieuce of its improvement, begun in 1817, between Basle and Man- 
hdtn, straightening and shortening its length from about 165 miles 
to 111 miles, a deepening of the obstructed river bed and sinking of the 
wrtter sni faee of from 3 feet 3^ inelifs to 1 feet inches took ])lace 

ill sumo stretches of the river, lliv excellent hydraulic engineer, Gre- 
bi'uau, observing these visible facts, was led to the erroucous conclusion 
that this deepening of the river bed and sinking of the water surface 
were the result alone of the power of erosion of the Rhine, and, as he 
at the same time found that at G7 stations on 12 rivers, during a long 
period, there had been observed a considerable decrease in height of the 
low, medium, <nu\ high-water stages, Grebenau advanced the incorrect 
theory that, since the existence of all creeks, rivers, and streams, with- 
out exception, their beds had been continually deepened, and their 
water surfaces sunk 1\\ the power of erosion of the running water, and 
t\m\ this erosion will continue steadily in the future. 

In saying the i)receding I do uot wish to cast any retle<'tion ujtou the 
memory of my departed, highly valued, and i)ersonal friend Grebenau, 
who was known and respect^ in the whole of Germany as a distinguished 
bvdraulic engineer, but I simply desire to clear up a very important 
hydraulic question. 

Xow I will atteuii)t to clear uj), /. f.^ to rebut, the arguments, objec- 
tions, and doul»ts heretofore enunu'rate*! of my (Jther ojtpoiients. and 
for that purpose will refer to the data and observations collected by me 
since 1873, and which strengthen the correctness of my theory and prove 
Orebenau's utterly untenable. 

Reply to A. — If the decrease in height of the stages of a stream, /. e., 
tlic sinking of its water surface which was obser\ ed during a long 
l>t'nod, were alone the result of the <leei)eniug of its bed, either by the 
power of erosion of the running water or by the executed improvement 
of the stream, these deepenings must take place in a large part of the 
stream, must be created successively and in equal degree, and finally 
mnst be ]iermanent. 

Tiie ('hauges in the bottom of the bed of a ri\ er, such as partial washing 
out by whirlpools and shitting of the channel, whi<'h occur at almost 
^very high stage cannot be considereil as being a deepening of the river 
bed in the sense in which it has been herein discussed, as these are 
generally .corrected again by the next high wator, and consequently 
can have no effect upon the monthly or yearly average of the guage 
readings. 

In order to judge clearly and in a reliable manner of the efl'ect whicli 
the deepening of the bed of a stream through a long stretch has upon 
the water stages thereof, it is necessary to plot the original cross-section 
of this stream, together with the deepening in the bed and various 
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stages thereof, and we sliaH then arrive at the folio wiug unaasaOable 
conclasions: 

A 0 




In the above figure let A, B, O, D represent the whole cross-se($tion 
and profile of discliar^c of a stream, which for the sake of simplicity we 
can assume as )>crtectly regular and witli slopin<>: hanks. In this sec- 
tion let the lint' a d, (\t\ and g i represent respectively the low medium 
aud hii^h .stages of water. 

If, then, after a lapse of a long period of time, say from twenty to 
thir^ years, the 1>ottom of the original bed B 0 has been deepened to 
the now bottom B ( citlicr in consequence of the power of erosion or the 
improvement of the stn'am, we can eahjulate tiie resulrni^- amount which 
the surface of the m ater has sunk, provided we assume that the volume 
of water has remained the same. 

Denoting the width B O of the bottom of the bed of the stream by 
ft, the velocity of discharge hy v, and the distance which the bed has 
su'ik by the amount of discharge, m, tlirough the deepened portion 
of the bed B B, 0 0, we will have 

Now, denotiii^i" the widtli of the water snrlaee at low, medium, anil high 
stages resx)ecti\'cly by Z>, b^y and 6^, the mean velocity at the surface at 
these Stages respectively l)y r, ra, and Va, and the sinking i)rodaced by 
the deepening of the bed respectively by /*, 7*2, and As, it follows that 
since the volume of water is only reduced by the amouut which flows 
through the deepened iiortiou B B, 0 C, the following equationn are 
true, viz: 

m = b h r=h /* = h hz Vi = bj As r^. 

Now. since in the cross-soetion of all streams, exec]>tin;Li' in the rare 
case where ])oth lianks are reveted with vertical walls, the width of the 
Avater surtace increases with the height of the stage, that is, 6< > 6 aud 
^3 > bzy and since, as is well known to every hydraulic engineer, the 
surface velocities increase with the height, that is, that Vi>% and > 
r2, it follows that the amount of the siukiug of the water surface at 
higher staijes must be in the inverse ratio of the product h> r> to h r and 
&3 r i to h , ? and must therefore become smaller and smaller as the river 
rises, that is, hi <; /* aud /13 < Ag. 

It is evident fh>m the above that tiie following criteria must be trae 
in regard to decreases in the height of the water stages, i, e*, in the sink- 
ings of the water surfiioe which result from a permanent deepening of 
the river bed. 

1. The decrease iu the height of the water m ust be greatest in low stages^ 
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and must be proportiouately less iu higher stages, and must reach its 
miniuium iu tioods. 

2. The decrease in the height of the water which resnlts from the 
deepening of the river bed must be tiie same, for the same average 
mouthly sta<;e, because tliis deepening only takes place slowly and 
gradiiaily duriu<;- a loug period of years, uud the stream may therefore 
be considered as unchanged durin;^ tlie period of a year. 

3. If the gauge readings of a long river, taken in the same period of 
time, are compared, the amount of sinking of the surface, due to works 
of improvement or deepening of the bed, will never be the same at the 
(lilVerent stations, baton the contrary vary greatly from each other, be- 
cause on a river only some es]>e(;ially bad slret( lies are improved 
gradually and iu diderent iJeriods of time, and because many stretches 
which are iu a better condition, and especially those inclosed in rocky 
hanks, are left nnchanged, and because it frequently happens that the 
various stretches are improved according to dit^erent syst(Mns, M hich as 
the nature of the evil varies may have (piite ditiferent etfects ni)on tlie 
stream ; an<l finally, because in the lower unim])roved portion of the 
river, bars, sand banks, and raising of the bed occur, and theretbre it 
happens that an equal amount of the deepening of the bed and sinking 
of the water surface resulting therefh)m throughout the whole river is 
impossible. 

4. WluMi a' river is radically improved, and particularly when it is 
considerably sliortened by means of cut-otfs, its bed will not only be 
deepened, but its slope and the velocity of its current will be increshsed, 
and as a result of this its water surface will be lowered, and sometimes . 
even more than by deepening its bed. 

But these sinkings of the water sniface must possess these criteria: 
that they are equal at the same station, during tlie same months, at the 
same stages,, independent of the years, and that even in the same im- 
^ved portions of a long river they will vary with the extent and man- 
ner of the improvement; and finally, that a sinking in the water snifooe 
cannot take i)]ace on those portions of the river near its head or mouth 
which are not affected by tlie works of improvement. 

In order to furnisli the jnoof that the considerable decrease in the 
heights of the sUiges of European rivers, i. e., the sinking of their water 
sm^use, as shown by me as well as by Grebenau, director of hydraulic 
works, to exist, did not result in consequence of the power of erosion of 
the water !ior from the partial improvements made of these ri\'ers at 
different ])eriods of time, but is solely due to a decrease iu their dis- 
charge, 1 i)rocured authentic gauge readiugs at numerous stations on 
the lihine, Danube, and Elbe, divided them into two equal ]>eriods of 
observation, calculated for each the monthly and annual mean stage, 
as well as the highest and lowest stages which occurred, and plotted 
them on sheets 1 to G,in order that they might be more readily seen and 
compared. These sheets clearly exliibit the observations taken during 
a long period of years, and from ihem the following conclusions can 
justly be drawn, viz: 

(0.) The decreasein the height of water stages, i. 6., sinking of the water 
surface of the Rhine and Elbe, is in direct opposition to the criterion 
laid down in my ])receding reply to A under the head of 1 ; that is, it is 
the least at low and increases considerably at medium and high stages, 
and ciin, therefore, nt)t be the result of a deepening of iheir beds. 

The decrease shown at the six stations on the Danube did not ame 
with the above, because, as will hereafter be shown, the stations at IMI- 
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lio^^oTi. Tj'tiz, Vieunay and Testli were changed diiriug the i)eriod of 

obsei'\ atioii. 

{b.) Tlie decrease in the heiglit of warei- stages at the same .statioii!<, 
at the same stages of the river and durin^^ the same months varies con- 
siderably, and the amount thereof depends txr more upon tlie season of 
the year than upon the inean stage of the rivers, and this observed re- 
sult further ]trovr.s that the sinkiiiir not due either to the deepening 
of their ImmIs or to tln*ir works of iiii])i(>venient. 

(c.) It will be further seen from these plottings that at several stations 
on the same riv^, even when they are separated by great distances, 
nou-iniproved portions and stretches flowing over rock, the decreases in 
the height of the water surface, for the separate months, are the same 
or very near1.\' so, wliieh does not agree with the criteria laid down in 
Xos. 3 and 4 of iny reply to A, 

RESULTS OF SPECIAL 0B8EBYATI0NS ON THE SHINE. 

It will be seen from the i>lotted ^^aug:e rea<lin<js at the six stations on 
the l'])])er, Mi<ldle, and Lower Rhine, that thedeerease in the heifrlit of 
tlie water surfaee is the gfreatest in riif snnnm'r months of June, July, 
and August, and least in the winter months of JSovember, Deeember, 
and January, although the hi^h water of summer which is.poured down 
by the melting of Alpine glaciers and snow has already reached a me- 
dium stage when it arrives at Colo^iue and Emmerich; and, on the con- 
ti aiy, the winter low water of the ('p{)er IJliine becomes liig^h water at 
• Enjuierieh by tlu* ad<lition of the water from its tributaries ; eonse- 
quently the Rhine eompletely changes its nature and regimeu iu this 
distance of 422^ miles. 

Mr. Von Salis, Helvetic chief ins{)ector of public works, established 
the fact that the bed of the Rhine at Basle has not ! pened during the 
relatively short ])eriod of observation from IS-IT to LS72, in a communi- 
cation to the Imperial Aca<lemy of Sciences at Vienna, dated April 17, 
1875, from wliich the followin;^ i^^ an abstract, viz: 

Gauge reatliugs have been taken at iiasle since 1808, which may be 
of valne in discussing the question of decrease in the volume of water 
since the station has been fixed, and the geological condition of the 
river bed precludes the assumption of any deepening and in general of 
any change therein."' 

Mr. Tie sell, mendjer of the boanl of ]»iiblic works of the Grand 
Duchy of iiadeu, who is in charge of the works in the district beginning 
at Constance and ending at the Hessian frontier, in his letter to me 
dated November 30, 1877, has furnished overwhelming jiroof that there 
has been no deepening of the bed of the Khiue either at Hasle or Wald- 
shnt. by ]>ointiug out the great firmness of its bed, which is composed 
largely of rock, and the relative level of the old bridge across the 
liliiue, built about the year 1225, and the streets of Basle. He con- 
cludes his letter as follows, viz : 

''The assertion made by Orebenau that the bed of the Bhine is sink- 
ing or dcc]u iiing must, therefore, so far as the neighborhoods of Basle 
and Waldshnt are concerned, not only be described as improbable, but 
absolutely impossible.'' 

It is certain also that there has been no ileepeuing of the very rocky 
bed of the Rhine in the mountain gorge near Bingen during the shoaft 
period from 1857 to 1872. 

Now, if the Ehine at the four other stations shows, in the separate 
months during tbe half period of observations between 1857 and 1872^ 
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a (li'crease in the liei>lits of its water surface similar to tliose at Basle ; 
au<l Hiiigen, it is perfoctly justitiablf to conrhide tlint iioithfr the par- 
tial im]ir<)\«Mii»*iit (»t' tlu' river ii<»r a ufiuMMl (IjM'pciiiiiu of its river bed, 
but iiiiotlier cause wbich operates uuiftu inly throughout its whole length, 
has prodnoed the decrease in the beightis of the water sttr^roe at the 
medium stages, and it is apparent that this cause can only be the de- 
crease in the (liseharge, which varies ttom month to month according 
to the amoniit of the laiiifall. 

Ill 1817 the Royal IMiissiaii Ciovernnieiit ordered that the most im- 
portant ^jauge i^tatious on the Kliine at Cologne and Emmerich be 
improved, and that their zero he placed 2 fleet and .62 inch below the 
lowest water known at that time, and this was'done. In his admirable 
hydraulic work, I>r. TI. Bergbaus publishes tables of the gange read- 
higs at Eiimierieli from 1770 to'lS3."». and exi)ressly remarks that he 
reduced the readin<;s Irom 1770 to 1817 to the new zero of 1817, whose 
height above the sea he places at M feet 3.14 inches. 

Mr. Kluge, royal Prussian insi»ector of hydraulic works, at my request, 
kindly fhmlshed me with his official readings of the gauge at Emmer- 
ich fh>m 1827 to 187*?, and 1 was thus enabl^, by comparing the tables 
between 1827 to isy."), which were before me in duplicate, to substan- 
tiate the fact that the zero of the gauge had remained undisturbed 
since 1817. 

Since the compaiison of the accurate readings of the very important 
gauge at Emmerich during a period of 104 years, t. e., &om 1770 to 1873^ 
is very interesting and cpiite sufficient to decide the ([ucstion of the 
decrease of the volume of water in the Khiue, I have plotted them on 
Sheet 2, in order that they may be l)etter comiueheiided. 

Now, if the period from 1770 to 18:^0 be divided into two periods of 33 
years each, and the other 38 years be considered as another period, and 
the relative gange readings in these three periods be compared, the fol- 
lowiu«^ noteworthy phenomena will apj>ear: 

Duriufi- the i)eriod from 177(> to 1820 tiie variations in height of the 
annual high and low water, as well as mean stages, were very slight, ex- 
cepting in the case of a few years. From 1820 to 1873 it will be iioti(*ed 
that there were very frecinent and considerable rises and falls in the 
high, low, and mean stages, and more frequent changes between years 
of a 1 » I u ) da 11 1 a ii d small water sn ppl v. 

The tio(Ml of 1801 rose Jhl') inches above those of 1799 and 1809, and 
the low water of 18(5.-), 180(;. and 1870 fell from 3 feet 7.3 inches to 4 feet 
0.42 inches lower than the lowest of tlu' tirst jici iod. that of 1802; conse- 
quently the difference between the highest and lowest stiiges in the latter 
period has increased 4 feet 9.9 inches. 

In the last period of 38 years, from 1836 to 1873, the arithmetical' uieau 
heights of the water stages decreased in comparison with those of the* 
period from 1770 to 1802 as follows, viz: 

Tlip monTlily sf ULrcs from 10.63 inches to 4 f< < t 4.55 inches. 

Tlu' aiuiual stages 2 feet 4.4 inches. 

The highest stages 11.46 inches. 

The lowest stages *. 2 feet 2.2 inches. 

The obser\ ations jnst mentioned furnish perfectly explicit additional 
proof that in the last decades the Khine at Emmerich has undergone a 
considerable change in its character and rej?inien, and from which we 
may conclude that there has been a change in the rainfall in the whole 
region of its headwaters. Furthermore, since there have been no exten- 
sive and radical imijrovements of the Bhine by cat^ffe at Emmerich 
since 1892, the foregoing considerable decrease in the stages of the river. 
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1. <?., the sinking of its water surface at all staj?es and seasons, can only 
bo explained by the circuuistances tbat its dirtciiarge mmt have decreased 
€0ii8iderably. 

The reason why tbe decrease in the height of ^ater surface proves to 
be greater at Etuuierich thau fit the five upper statious is that the de- 
crease of the volume of water in the whole ui)j)er river valley, and iu all 
the s]>riiigs, creeks, and liverii which euauate theiefrom, aie all con- 
centrated there. 

BESX7LTS OF SPECIAL OBSESVATIONS ON THE«ELBB. 

It will be found, from tlie ])lotted readin^^s on Sheet 3 of the gauges 
on the Elbe at Dresden, Hiesa, and Magdel)urg, Ironi 18^37 to 1872, and 
those on iSheet 4. taken at Dresden doling a period of 08 years, from 
18U6 to 1873, thai almost the same circumstances exist relative to the 
decrease in the height of its water surface and increase in its variations 
as have boon described in the foregoing paragraph on the Rhine, and, 
therefore, 1 will not discuss them here again. 

A more comprehensive \ lew of tlie di ciease of water iu the Elbe can 
be obtained from the plotted readings of the gauge at Magdeburg, taken 
during a period of 142 years, from 1728 to 1869, which are given in my 
first treatise of 1873. The data described in detail in the latt^, and 
irhich were collected by the international technical commissions for mak- 
ing examinations of the l^lbe in 1842, 18.")7, and 1S(;!», are not only very 
interesting, but fully sutiicient to enable a conclusion on the questiou 
before us, relating to the decrease in height of stages in that river and 
sinking of its water surface, to be reached. They establish the fact that 
the low-water of September, 18 12, was from 3.9 to 11.4 inches lower than 
those nmrke<l on the rocks in tlie river beds at Tetschen, Pirna, and 
Strehla for the years lOlO, 17U(i, 1711>, 171(;, 1782, 1700, 1800, 1811, aud 
1835, aud it was, therefore, the lowest during a i)eiiod of 220 years. 

It will be seen from the readings coUeci^d by the subsequent com- 
missions for making examinations of the Elbe, and which I have tabu- 
lated on Sheet 3 for all of its stations to the he^id of tide water at 
Blekede, that in lsr>L', 1857, 1800, aud 1S73 tlie low water of its upi)er 
portion, which is thoroughly improved to Dresden aud Wittenberg, by 
means of training walls, f ell about 10 inches below that of 1842, and 
that, on the contrary, in the lower river, which is only improved in 
stretches by qnay walls, the bed was raised by sand banks and the low- 
water stage raised. 

INIr. M. W. Schmidt, royal Saxon director of hydraulic works, published 
iu the "Civil Engineer,'^ in ^Tos. 4, 5, and 7 of volume 24, valuable 
information in reference to the slope and gauge readings of tlie Elbe, in 
the kingdom of Saxony, and this exi)ert expressed the opinion, based 
upon accurate hydraulic data, that (luring the last decades the mean 
monthly and annual, and particularly these low-water stages of the 
Elbe, in sunuuer and fall, have decreased considerably, and to the extent 
of 2 feet 0.4 iuch at the station at Dresden, aud from 1 foot 3| inches 
to 1 foot 6.1 inches at Bieea.* 

Mr. Schmidt fhrther proves that in consequence of the improvements 
which wcit^ made on the river, a deei>ening of its bed and sinking of its 
water surface took j)lace, which amounted to 1 foot 2^ inches at Dresden 
and to 7 inches at Riesa. Since the actual decrease in the height of 

*T\u' ga'ig« stations at Meissen are not mentioned here, 1)ecaiise the period of obser- 
vation has been too short, and the efieot of the improvements of the river made at 
ihftt point has not yet been detennined. 
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water surface has become indies f}freater at Dresden, and from 
7-j\. to 10^ inches at Kicsa, it is the ()])inion of Mr. Schmidt, ''in view 
of the strange pheuomeuou, that some other eau.se, not resnltinj^ 
from the works of improvement, mnst have been in operation to ]>ro- 
duee this sinking in the mean stages of the water, and which, taking 
all the surroundinj; circumstances into consideration, can only be that 
the volume of water in the l^lbc has diiniiiislied during the last twenty 
years. Attention may be called to the fact that after the most thorough 
researches of the imperial royal counsellor Wex ou other Europeaa 
rivers, he annonneed in 1873 the same eondosions which have been 
arrived at by the observations of the height of the water in the Elbe." 

Mr. Maas.^, of Magdeburg, member of the roj-al Prussian board of 
public works, who has made the most thorough study of the circum- 
st luces c-oliuected with the height of the w^ater and drifting of the ice 
of the Elbe, and has published the result thereof, also gives, in his letter 
t ) me dated January 31, 1878, it as his opinion thi4 the decrease in the 
heifflit, /. e., the sinking of the water surface of the Elbe, is due partially 
to its i in] movement and parlially to the decrease in its volume of water 
whicli h IS taken place. 

Engineer Urbata, iu "Stummer\s Eugiueer, * of 1875, ascribes as a 
reason for the decrease of the volume of water in the Elbe, which has 
been universally observed, not only the clearing of the forests, but also 
the total drainage of ponds. Emperor Charles TV ordered the con- 
struction of ])onds in tlui kingdom of Ijoliemia .it the piil)lic e\])ense, 
and at the en<l of the sixteenth eeutury the total area of these amounted 
to 540^ square miles, of which it is said ouly about to the extent of 68 
square miles now exist. 

RESULTS OF SPECIAL OBSEBYATIONS ON THE DANUBE. 

In nuiking the comxjarisou between tiie jueau of the monthly and 
aiunial readings at the most important stations on the Danube, which 
are plotted on Sheet 5, 1 could not choose periods of observation of eqmal 

lengths, because unfortunately some are quite short, and because the 
cross-.section aiul the discharge of the Danube have materially changed 
at several stations during tiie last decades. Correct eoiichisions from 
the comparison of the mean-water stages can, therefore, only be drawn 
by considering them in connection with the changes that have taken 
place in the cross-section of the river. I have thiM i l'oi e obtained the 
oldest as well as tiie latest cross sections as determined by ex])erts in 
the j)ublic service at the four stations at Linz, Htein, Pesth, and Old 
Orsova, hav ' accurately plotted them on Sheet 0, and will now brietly 
discuss the results of the comparison of the gauge readings at the sepa- 
rate stations ; at the same time, take the changes in the cross-section of 
discharge into consideration. 

The Danube at DiUingen, 

Mr. Beruhard V. Herrmann, of Munich, chief director of the royal 
B ivarian board of public works, in a letter to me dated Decembers, 
1877, was so kind as to communicate to me that in his opinion the quite 
considerable decrease in the height of all stages, /. e., in the sinking of 
the water surface of the Danube, at Dillingen, in Bavaria, which was 
observed during the second half of the period comprised between 1835 
and 1874, is doe to the improvement of the Danube, which has been 
energetically prosecuted during the last decades. 
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Tlio ]tl()t ot' tlio piiiir^' TvadiM^s at l>illi?i^<Mi is wortliy of notice, iiias- 
imu'h as tlu' tullowiii"; conclusions can be (Irawn tlicrclVoiii, viz: 

The slight variations between the monthly mean, as \vell as the small 
increaj^o in height of hi^h- water and slight decrease in height of lov- 
water stages, indicate that lai<rc iiacts of tbi'ests still exist in the region 
of the headwaters of the Danube, and regnlate the flow of its water at 
Dillinfien. 

The tact that the variations in the monthly nu'an as well as in hijjh 
and low water stajres are so nniform, observed daring the second half 
of the period included between 1855 and 1874, proves that the extensive 
river improvement at Dillingen has not only jleeix ned its bed, but has 
also inoroased the velocity of its cnrrent cunsideiably. 

The plot of the fiani^e rcadiii.us at J>illin«;en may tlierefore be con- 
sidered as a prototype of the relative water stages of such rivers whose 
discharges are regulated by large forests existing in their valleys, and 
also for such as haveJjeen extensively and radically improved, and par- 
ticnlarly of those in which the slope has been increased by diminishing 
their lengths by cnt-otfs. Now, as none of my ]>lots of the gange read- 
ings on many other streams and at various stations resemble this i)roto- 
type at Dilimgen. as far as regarils the very uniform stages of water 
and their nearly equal variation at all seasons of the year, it follows 
that the causes whioh are at work at Dillingen either do not exist at all 
at the other stations and on the other rivers, or exist in only a very 
slight degree. 

The JJanube at Linz. 

The plot of the gange readings at Linz, taken during the second h«ilf 
of the i)eriod included between 1.S4I.) and ISTo, shows scarcely any vari- 
ation in the months of Ai)ril, May, June, July, and August, which are 
the five richest in water supply ; but, on the contrary, during the other 
seven months, shows a decrease in the height of water stages or sinking 
of the water surface of from 1.42 to 8.32 inches, of 4.8 inches in the annual 
mean, of 7.22 inches in high and 0.5 inch in low stages of the river. 

It will be seen, liowe\ cr, from the cross-sections of the river, accurately 
taken in 1850 and 1677, only 54 feet 6 inches above the gauge at the 
bridge, and whioh are plotted on Sheet 6, that the cross-section of dis- 
charge was diminished by the construction of terraces and revetment 
of the river banks about 452 at the zero, about C4G at the medium, and 
about l,r>04 square feet at the lO-foot S inch stage; and that m conse- 
quence of this decreased cross section the surface of the water during 
the i>eriod included between 1850 and 1875 must have beeu raised as 
follows, viz : At the zero stage, about 6.66 inches ; at the medium stage, 
about 9.84 inches; and at the high stage, about 1 foot 10.41 inches. 

If, therefore, the cross-section of discliarge had not been diminished, 
the sinking in the water surface of the river during the second half of 
the perioil included between 1840 and 1875 would have auiountetl as 
follows, viz : At the zero stage, to abont 7.8 inches ; at the medium stage, 
to about 1 foot 1.12 inches; and at the high stage, to about 2 feet 4.44 
inches. ' ^ 

This can only be tiie result of a decrease in the discharge of the Dan- 
ube at Linz, since it has not been improved at that point, and there hiis 
been no deepening of its bed. 

The JJanube at Stein, 

The gauge readings of the Danube at the city of Stein, near Kiema, 
are of the highest importance in this discassion, because at l^at place 
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one (A' tho oldest woodon ]»ik* Ijiidjjes spans the Daiiiibi*, and there is a 
whai t wiiich is veiy inucli n<«'d. In consriinence of tlic fie(jnent re- 
newal of tile )»iles ol' this lirniue, and the exaiiiiiiations made to deter- 
mine the best location lor it.> di.iw, litMiuent aeeurate cross-sections of the 
river were taken, and th(^ ^^anj^e readings since 1829 were also preserved. 
I fonnd, in prosecntiug my reseandu's, that no im])FOvementof the Dan- 
nbe was made after ISiM) nntil 1874, when its bed was narrowed at the 
bridu<': and, therefore, i have consich-red neitlier t1i«' alterations in the 
wairM stages nor changeci in the bed of the river causetl thereby since 
1.S74. 

I a!so obtained the official cross-sections of the stream taken at the 
bridge at Stein in 1838, 1848, 1858, 1869, and 1872, compared them, and 

finally plottiMl tlic lii-sj ;ind la*<t ones tojjether on Sheet 6, From these 
it will be .seen that the bottom of the river bed,* whieh is here (•om]M)sed 
of j;ravel, was, it is trne, at times deeptMU'd by hi^h waters, but tlien 
a^iaiu tilled np by tliem, so that the niean deptli of the cross section 
taken in 1872 diifers only .2 of an inch from that of the one taken in 
1838. It follows from this that a general sinking of the bottom of the 
river bed was not efteeted by the ))Ower of erosion of the running water, 
an<l that, theiefore, (Irebenan's tlieory seems nnfonnded. 

Now, it will ])e jxMceived by exaniinin;;" tlu^ plotted ^iuu^e reailings at 
Stein on iSheet o, that in theseeon<l half of the i)eriod included between 
1853 and 1873, the heights of all sta^j^es of the river have decreased, as 
follows : 

The mean stapres by fi-om 3.08 inches to 1 foot 4.r>8 inches ; the annual 
mean stajies by 8..")S inches ; the mean high stages by 1 foot 10.70 inches; 
the mean low staj^es by 8.47 inches. 

Kow, as the Danube was not improved at Stein, nor any deepening in 
the bottom of its bed took place, the assertion that this decrease iu its 
water stages is alone due to the decrease in its discharge can be made 
with the fullest justification. 

The Danube at Vienna, 

The {'lianjies which have taken i)la('e in the cross-seetion of discharge 
of the Daiiiilx' at Vienna conld not be determined, because it was di- 
vided at tliis place into two large arms and the Vienna Danube Canal, 
which is 54 yards and 2 feet wide, and becanse anumbexof smaller sub- 
sidiary channels which existed jnst below the city were closed. It can, 
however, be generally asserted fhat the cross-section of discharge <le 
creased considerably during the j)eriod included between 18r>l to 1874, 
by reason of tlie faci that the sontln^rn arm, the so cidled Kaiserwas- 
ser,""! 102 yards wide, which formerly was 0 feet it'l inches deeper than 
the zero, and which had a considerable discharge, is so filled ap that 
now, at the zero stage, there is none, while at the same time the cross- 
section of discharge of the northern arm has change<l but little. 

If, notwithstanding this, the tabulated comparison of the water stages 
and the itlot thereof on Sheet ~> show that the monthly and annual 
mean as well as the high and low water stages for the period included 
between 18ol to 1874 have decreased from 5.1 inches to 1 foot 8.9 inches, 



Tlif^ nriLriiial Hnp]H>sil ion of the <j;ov«'niiii<>ut rx]»f'rts. that a jiortioii of tin- rivcr-tMMl 
was rocky, was suljseiiututly piovtu to hv incorrect by the deeiieuiug which took 
place; and the rooky ledge, wbicli shbwH itself iu the river-bed about 1,968 yards 
below, (Mtl)fr <Ioe8 not nsacb to tbe bridge, or, if it does, liea at a great depth, 
t Imperial stream. 
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as tiu V do, it follows tbat the discharge of the Danube has decreased 

during that period. 

Tlic ^^aui'v r(M(lin<is since 1874 are not C(jnsidered in this discussion, 
because the ciit-ott" at Vienna, which has the normal breadth and depth 
of the stream and a leii^^th of 4: miles and 13 yards, was opened in 187o^ 
the old chanuel completely closed, and the gauge station transferred to 
the cut-ol}^ and therefore no reliable conclusions eould be drawn by com- 
paring the readings before and after the opening of the cut-oft*. 

The Uanube at Old Oraova, 

The gauge readings of the Danube at the city of Old Orsora are 
very important and very satisfactory in the discussion and decision of 
this question of the decrease in the vnhiine of water, because all the 
larjrer tributaries ein])ty into the stream above this jthice, and. l>ein;.'" in 
conse<]Ucii( e tiiereot a mighty stream. re|)lete with water, tiie abnormal 
stages of water in sin<ile tributaries, can.se«l by particuhir elementary ac- 
tions in their valleys, have no inHnence on its discharge at Orsova. 

Again, in consequence of the <;reat diflK^rence in the oonfijifuratioM, 
composition of the soil, and cbmatic <'onditinns of the several valleys 
of the tributaries which flow into it from the south, west, and north, 
these carry (»tt their hi^^li and low watei', at(h'tlerent times, tlie Danube 
at Orsova nuiy be considered as a great recipient and regulator of ihe 
high, medium, and low waters of its ttibutaries. 

For these reasons, the most reliable conclusions relative to the kits- 
ch a r^ie of the stream produced by the water which it receives from it^* 
whole upper valley ran be drawn from the jraujrc rea<1infrs at this sta- 
tion, but only tiien if it is pr(>ven that during the ])eriod in which tlie^ 
readings were taken there has been no cliange in the direction of it^i 
current, its cross-section of discharge, or in its slopes. 

it can be seen from any large river map of Europe, and ftoni works 
]Miblished on hydraulic subjectts, that the bed of the Danube for a dis- 
tance of G.j.SG miles below Orsova is situated in a vast moutitaiu jrorire 
of tin* southern chain of the Carpathian ranges, and that throu^liont 
this whole distance its sides, and throufihout most *»f it its bottom, con- 
sists of ru4'k, from which it ma.> safely be inferred that the direction of 
itK cnnvnt and it« cross-section have remained unchanged during cen- 
tuiies. 

It will lurlht'r be seen from the ]>lan and cross ." ecti(nis made by the 
v*-ry intelb^enl Hungarian hydraulic engineer, Paul V'asarhclyi, between 
and 16'M, which 1 published, to getiier with a lectme entitled 

Ueber die Schift'lmrmachung der Douau am Eisernen There und an den 
sieben Felsenbiiuken oberhalb Orsova,"* in tbe ^ Zeitsvhiift des 3ster- 
reichi«ichen Ingenieur und Arcaitekten Veieins/'+ in No. 10 of 1872, that 
at a point 9lH..s."> yards above Orsova the J>anul)e had a nominal width 
at the zero stage of 402^ yards and a depth of «ii> leet 10^ inches iu the 
center of its chauuel. 

Now, since Sir John Wawra, imperial and royal director iu chief of 
the board of public works, who was sent to Orsova as a member of the 
international commission of toperis to devise plans for the improve- 
ment of the Danube, took its cross section in 1873 in the most careful man- 
ner, which cross-section is jilotted on Sheet 6, ami found that the river, 
at a point 961.85 yards above Orsova, was 463.^ yards wide aud 3S feet 

* Ou making the Danube navigable at the Iron Gate and at the eevea rocky ledgea 

abuve Oroova. 

t Journal of the Society d£ Austrian Engineers and Arehitects. 
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5^ inches deej) in tlie center ot" its cliaiiiiel, the proof is ftirnisheil by 
the apim)ximat43 cointadencc' of these ineHsiirements that at Orsova the 
hed of the river, it8 depth, ami its cross-sectiou of ili^hai^e have re- 
mained naehan;;e<l since 183-, wliich Is quite natural, since its cross-sec- 
tions are bounded by rocks, both above and below that city, and make 
a chancre therein iinpnssihle. 

Althouf^h it is true that tlie first inivate Danube Steam Navigation 
Company'' between 1847-1849, and subsequently in 1855, the imperial 
royal Austrian Government did reihove, by blasting, some projecting 
rocks which endangered navigation at the lower end of the &Us at the 
Iron Gate, yet tliese coidd not have the Icnst intlniMico upon the stajres 
of ihe river at Drsova, liecniisc tlu' si-crioii^ of rli<' rcinovod rocks were 
iiisig^niticant compared to tluMToss-.M'ction ot rlu- river, ;ni(l because they 
were a piut of a letlge which is situat- d ."i.D miles below that city at the 
foot of the falls, consequently l)eh»w its crest, and whose surface is 
about 23 feet below the zero of the piug:e at C>rsova. 

Xow, as it can be seen from the profile of the river, which I published 
in 1871-*, that, b(»tween ()rso\ a ;ind the Ii*on (Jate and al the distances 
of L*.S ;ind 4.(M miles, two continuous ledi^es of rock, whose u]»pcr sur- 
faces lie only 4 feet 4 in<-hes an<l 4 feet 8 inches below zero, stretch en- 
tirely across the river bed, it follows further that it would l)e a down- 
right impossibility for the slope of the Danube to have changed at that 
iu)iiit, and it can therefore be safely assei'te<l that, during the jitriod from 
1S4(» to lS7o, in which the gauge readings were taken, the <lirection of 
the ciinent. cioss section, and slope of the Danube remained unchanged 
at Orsova. 

A comparison of the tabulated readings of this gauge, taken daring 
the second half of the .period of observation between 1858 and 1876, and 
the plot thereof, as presented on Sheet 5, will show that the mean of the 
monthly and annual as well as the high and low water stage has de- 
ereasccl from t).18 feet to 1.' feet o inches, and this general decrease in the 
volume of water, t. e., in the height of its water surface at Orsova, can 
only be accounted for by the fact that the discharge of the stream haa 
diminished there. 

It is notorious that, during the last decades, in several of the tribu- 
ta-ies of the 1 )aiuibe — as, for instance, the Theiss and the Save — the floods 
smietitues rise higher than they formerly did. and their discharge is 
thereby iucreavsed, and that their Hoods are frequently poured into the 
great bed of the Danube and pass Orsova simidtaneously with the water 
Itom other tributaries which are at a medium or low stage, yet the gauge 
rc^adings, taken during the second half of the period of observation, show 
that these accumulated waters no longer reach the same height which 
they formerly di<i. and that the heights of the greatest floods are not as 
great as they formerly were by 1 foot U.(J5 inches. The facts thus fur- 
nished by the large masses of water, collected together by nature itself 
ill the Danube at Orsova, certainly will furnish every one with dear and 
indisputable proof that the high floods which sometimes occur in eev* 
eral of the tributaries do not compensate for the continued decrease in 
the discharge of the otheis at their low and medium stages. 

By comparing the readings of the six gauges on the Danube it will be 
seen that at Stein, Vienna, and Orsova the decrease in the height of the 
water stages is greatest daring the month of October; consequently, a 
nniform cause thi-oughout the whole valley must have operated to pro- 
duce the uniform effect-, and that cause must have been a decrease in 

the rainfall. 

It will also be seen by this couiparisou that the regimen of the Dan- 
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xilu} is partially clianjitMl in its coui.m' IVoiii Liiiz to ()rs()\a,as tlio uivat- 
est <li8«;iiai;i<.t> at Jjiiiz, Stein, and Vienna take place duiing the uiunthis 
of June, Jnly, and August, i. e., during the period wben tbe snow on 
the Alps melts, and on the contrary at Orsovji dni ing- the months of 
April and l\Iay, /. e., dm inu the rainy season of sprin;;. 

Altiion^ih the fore/^oinu pro<»f. tinnislied l>v the deciease in the dis- 
ciiar<;e thr()n<;liont the \vh«)le length ot the three principal rivers of 
Central Europe, L the Dauube, Khiue, and Elbe, of the correctness 
of my theory in regara to the deci'ease in the volume of water in Kpriu«> s 
and rivers would seem to suffice, I have, nevertheless, in the inte est of 
science and lor the i»iirjM)se of incitiii;;' the arran«;enient and ])nl>l:catioii 
of furtlicr observations peitineiit to this subject, and finally, in order to 
unike the thorough study of this highly important hydraulic question 
by my fellow professionals and uatnraltsts more eti^y, at the end of this 
treatise added a tabular exhibit compiled from the gange readings col- 
lected by uie an l Mr. Grebeuau at 51 stations on 13 rivers. These 
readiniis were divided into periods. an<l from these the annnal mean 
heiglit of the water stage, as well as of tlic high and low stages, were 
cdcidateil, and tiually Irom these ascertained the decrease in the read- 
ings during the second half of the period of observation, in order that 
tbe latter at separate stations and rivers conld be more easily compared 
with each other. 

I take the liberty of giving the following exj>laiiation of the maimer 
in which the calculations for this exhibit were made. 1 not only calcu- 
lated the mDuthly mean stages because a comparison of the latter shows 
not only the changes which took place in the regimen of the rivers, but 
also clearly the fact that the decrease in the height of tlicir water sur- 
faces coiihl not be alone explained by a de<'j>ening of tiieir beds. 

In this taf>nlar exhibit of gauge readings I took tiie mean of tlie vari- 
ous high and low water stages which occurred in each year, but even 
these do not furnish so clear and instructive a picture of the relative 
discharge of a river during long periods as the plots of its lowest, medium, 
and highest stages which I presented in my first treatise for the libine, 
Danube, Elbe, Vistula, and Oder, and in this on Sheets 2 and 4 for tbe 
Khine at Enimericii and the Elbe at Dresden. By an examination of 
the annexed tal)ular exhibit and the calculated means of the gauge 
readings at 51 stations on 13 rivers, the following important conclusions 
may be drawn, viz: 

1. Of the KHhlifferences in the gauge readings which are given in tbe 
table, 141) show a deciease and only 11 an increase in the height of water 
stages, and it cvui easily be i)roven that the latter were caused either by 
the present increase in the height of flood stages or by a deci-ease in 
the cross-section of discharge or by the bottom of the bed of the stream 
being covered with sand. 

'2. The average aiinual decrease in the height of the water surface, i. e., 
sinking of llie water surface, is not only dilVerent on dilfeient rivers, 
but also for the ditierent stations on the same river, and this is also the 
case with the low, medium, and high water stages, and evidently result 
from a ditt'erence in the amount of tbe raiufall in the different parts of 
the valleys. Not only the <lecrea.se in the water supply caused thereby, 
but also the deepening of the l iver bed resulting from works of im])ro\ e- 
ment at certain localities, and linally, also, the conliguration of the cross- 
sectiou of discharge must have exerted a great inilueuce in lowering the i 
water suri'aces. For this reason Grebenan's attempted calculations, based I 
upon aii equal mean in the decrease in the height of tbe w ater surfiice.s 
for all of the 14 rivers and 75 gauge stations £scnssed by him, as well 
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as for tlni (litieieut .sUij^es thereof, iini entirely iuailuiissible, siuce only 
incorrect results can bo obtaiued from them. 

3. Since the closest examination of the plot of the gauge readings on 
the fire rivers, Bhiiie, Danabe, Elbe, Vistula, and Oder, presented in my 
first, as \\-eIla8 in this treatise, does not reveal that in the case of these 
rivers the number of the years which are rich or poor in water sup]>ly 
is not lixed in duration, or that they change regularly, or finally that 
they return at lixed periods, it cannot be determined during how many 
years ffSLiige reading most be take^ in order to be able to calculate 
from ttiem a thoroughly reliable mean, and consequently^ cannot be de- 
termined, either theoretically or by experience, how long it is absolutely 
necessary that the two periods of observation which are to be conjpared 
should be. But it is clear to all that the longer the perioils of gauge 
readings are, the more correct and reliable wiU be the mean calculated 
from them, since the-years which are either very rich or poor in water 
supply, and which undoubtedly occur in the one or the other of these 
periods, have so much the less inflnen(*e upon the calculated mean. 

In consideration of the foregoing, the calculated decrease in gauge 
readings given in the annexed exhibit must have a greater value thau 
soch as were deduced fkt>m readings made during a uiorter period. 

It is also clear from this exhibit that the mean decrease in the height 
of the water derived from readings taken during a shorter period, and 
that the sinking of the water surfaces has become considerably greater in 
the last decailes than formerly, which is explained by the fact that in the 
last decades there have been a greater amount of clearing, drainage of 
ponds and marshes, and improvement and irrigation of large tracts. 
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4. From the annexed tabular exhibit the foregoing schedule is ob- 
tained by eoiisideriufr only the variations of tlie mean staj^es wbidi are 
really the nio.st noteworthy, at the most im])()rtant stations at which 
material changes have taken place in the bed of the stream, and tinally 
those that are derived from readings made during the longest periods. 

f^m the schedule it will be seen that the decrease in the gauge read" 
ings increases in diflerent rivers with the greater extent of their valleys, 
which seems to me to be another proof that the decrease in their dis- 
charge is <lue to a decrease iu rainfall and the consequent deci'ea^ in 
the vol amc of water. 

lieuly to B. — The supposition of some of my opponents that it cannot 
be reliably concluded fnm a decrease in the gauge readings on a river 
that its discharge has decreased is nnfonnded, as the following proofs 
will show: 

]Mr. Grebenan. who was known as one of thi^ most skillful hydraulic 
experts in the measurement of discharge of rivers au<1 streams in Ger- 
many, while stationed at Germersheiui in his former rank of insi)ector 
of public works, measured the croas-section, the slope, and the velocity 
of the current of the Bhine thirty-eight times at six points near Nea- 
hurg, Pforz, and Germerslieim, and with all ]>ossible accuracy, and from 
these he calculated the (luantity of water whieli the Rhine had dischar<;ed 
during the i)eriod of twenty-ei^Iit years included, between 1840 and 
1867, which calculations 1 x>ublished iu my first treatise of 1873. From 
these measnrements Mr. Orebenaa calculated the mean discharge of the 
Bhine, during the period from 1840 to 1867, to have been 41,51)6 cubic 
feet per second, and that the reading of the gauge at Sonderheim, cor- 
responding to tliis discharge, should be + ;V3.3(>85''. The arithmetical 
mean of all of the readings taken at this gau<ie during tlie aV)ove period 
was found to be + 1", so that thedifl'crence between the two amounted 
to only 2.3085". 

Mr. Grebenan, in communicating the result of these measurements to 
me in bis letter dated February 2, 1872, gives the following opinion, 

viz : 

" From this it follows that the mean stage of the river nearly corre- 
sponds to the arithmetical mean of the gauge readings, and that the 
error would have been small if in the beginning the discharge of the 
Bhine had been defaced from this arithmetical mean. This is a new 
and not unimportant law, which saves great and extensive caJcolations." 

Grebenan, in his ])ami)hlet on the results of gauge readings on the 
lihine and Mosel, published in 1874, on page 20 makes the following re- 
mark bearing upon this point : 

''Although the annual mean discharge of the Bhine deduced from the 
mean stage is nearly in the some ratio as the mean of the gauge read- 
ings, yet it does not follow from the diflerenoe in these nieau stages, which 
was observed during the two periods, before and after 1840, that itsdis- 
I'liarge has decreased, since the difterence is solely the result of the iui- 
provenuMit of the liver." 

That the mean discharge of other rivers can be nearly accurately calcu- 
lated from the mean of the gauge readings is apparent from the follow- 
ing results of measurements : 

Mr. ITarlaeher, professor of the srienc(* of engineering at the German 
Folyteelniieal Acjidemy, at Prague, measured with the greatest accu- 
racy the discharge of the Eli)e at llerrnskretschen, on the boundary 
line between liohemia and Saxony, at the same cross-section, and at its 
various stages, and calculated from these the discharge during- the 
twelve months, fr om July 1, 1871, to the end of June, 1872^ and although 
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during the period there were Ave floods (and among them the extraor- 
dinary one of ^lay, 1872, caused by burstiug of clonds), nevertheless, 

Mr. Harlaclier found that the difference between the mean of the gauge 
rea(liTij;s and the height of the water surface due to the mean discharge 
of the river, during these twelve months, aniuuiited to only 3.15 inches, 
aud after a more aeeurate calculation to only 1.575 inches. (See "Beit- 
lage znr Hydrogra|)hie Bohmens,'' von A. B. Harlacher, Prag, 1872 and 
1875.*) 

It should here be remarked that iu both cases calculated by Grebenau 
and Harhu'ln'r the mean c>f the gauue rea<lings was smaller than the 
iieight of the stage corresi)onding to the mean discharge ; furthermore, 
that the difference ^mounted to nothing iu mouths during which only 
moderately Iiigh waters ocourredy as wiU be peen fh>m Harlacher's cai- . 
calatious, and on the contrary iu months during which very high waters 
occurred tlie difference becomes somewhat greater, but yet ou an aver- 
age, during long |)eriods, it will be found very small. 

Xow, as it may be assumed that the conditions just mentioned existed 
in the other streaois during the various periods of gauge reailiugs, aud 
in further consideration of the ilEhct that the height of the water stage 
corresponding to the mean disclmrge can only be determined byveiy 
(littii'ult and extensive hydraulic measurements and enlculationa, in 
which considerable mistakes may easily be made, every experienced hy- 
draulic engineer will agree with me that in such stretches of streams, 
in which the cross-section and the slope have remained unchanged, it may 
be concluded with complete justification and reliability, from a decrease 
ill the mean of gauge readings taken during a long period, that their 
discharge luis decreased. 

Reply to C. — The sni)]>osition expressed bysoim; of myoi)})on(*nts — that 
the discharge of rivers aud streams has probably not decreased but that 
only their regimen has changed, since although at present that discharge 
at low and medium stages is smaller, yet it is very much greater at high 
stages, and that therefore the decrease iu the former cases may be com- 
pensated by increase in the latter cases — is ])l;iinly incorrect, since on 
several rivers aud at many gauge stations thereon the readings of high 
stages have decreased during the second i)eriod of observation. This 
has taken place on the Bhine at Basle, Worms, Bingen, and Cologne; on 
the Daiuibe at Stein and Orsova; on the A^istnla at Cracow; and on the 
Oder at Kiistin. The snpjiosition is further increased because in calcu- 
lating' the aiimial arithmetical mean of the gauge readings, the high- 
water stages are included, aud because the monthly and annual mean 
of high-water stages have been found to decrease at almost all of the 
51 stations on 13 rivers, which are compared in the tabular exhibit, and 
filially, because, if only a change in the regimen had taken place, the dis- 
charge during some months should decrease, and in the other mouths in- 
ci^ase, a cir(Mimstance which has not takeu place ou any of the streams 
which are mentioned, e.\cept at a few gauge stations. 

In my description of the circumstances attending the discharge of the 
Rhine at Emmerich and the Danube at Old Orsova I have already given 
the most striking proof that the decrease iu low aud medium stages is 
not cojDiM'usated by that of the high stages which occasionally occur. 

Jicply to 1). — The assertion nuide by .Mr. 8asse, member of the board 
of public works, in his treatise u[)on thtj relations of the Elbe at Torgau, t 

U'ontrilmtitms to the hydrography Uoheinia, by A. K. Harlacher, Prague, ltt72 
and le<7r>. 

^ Ziirscliriff flir Baavresen von Erbkani. JalirgnD^, 1874. Journal of Architecttire, 

by ErbkuiJi, lc<74. 
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that no reliublo eoncliisioiis can be reached that tlie (lis<'har<];e of streams 
has (lecreasetl until ^auge readings liave been taken diuing a period of 
at least 200 years could only be true if it were established that the years 
which are either very rieh or very poor in water supply alternate and 
return at long intervals of about 40 or 50 jearSf for then it would be 
nocossary at any rate to take at least two periods rich and two periods 
l)oor in water sui)ply in order to obtain a reliable mean. But since it is 
apparent from the i)lotted gauge readings, in this as well as in my lirst 
treatise, of five rivers, during periods of nom 60 to 142 years, that the 
periods rich or poor in water supply do not habitually last longer than 
from three to five years and that they do not recur in regular onier, 
and since the further assumption of Mr. Sasse that the discharge of 
streams (hn in<r ye^irs rieh is frequently tliree times as gi'eat as that dur- 
ing years poor in water supply is true only of the smallest number of 
streams and only very seldom, of which my plotted gauge readings will 
convince any one, his assertion that in order to reach a reliable conclu- 
sion as to the decrease in the discharjs^e of rivers j?aufrr readings must 
be taken during a period of at least 2U0 years api)ears unfounded, since 
from my plotted gauge readings it api)ears that we can — if we take these 
during periods of from 40 to 60 years, divide them into two periods, cal- 
culate the mean of each of these, and then compare these means — infer 
from an increase or decrease in these that the discharge has become 
greater or less. 

T should remark, however, tliat if in any year in either of the half 
periods of observation a tioo<l, ])roduced by extraordinary action of the 
elements, should occur, as happens nnely during 100 yeara, it would cer- 
tainly seem advisable in order to obtam a correct mean of the gauge 
readings to exclude such an abnormal year and substitute for it the year 
of the other half period which was richest in water supply. I did not, 
however, d(!em it necessary to make the correction just referred to in 
my exhibit and plot of the gauge readings. 

Reply to E, — The opinion of some of my opponents that a decrease in 
the discharge can only be reliably established by making direct meas- 
urements of it on rivers and streams from time to time during long 
periods, seems at first to be evident, but if we calmly consider the whole 
proceeding and the manner in which such measurements and calcula- 
tions must be made, the surprising result will be reached that to estab- 
lish the demase in discharge by direct measurements is quite impracti- 
cable and almost impossible, as I now propose to show. 

First of all, every hydraulic engineer will agree with me that it is an 
utter impossibility to make during 30 or 40 years uninterrupte<l meas- 
ures of discharge, and at the varying stages at such stretches of sti'eams 
in which the current, the cross-section, or the slope are constantly 
changing, and then by comparing the volumes of discharge of the two 
periods to deten^ne whether an increase or decrease has taken place. 
In this matter ever^' ex])erienced hydraulic engineer will agree with me 
that the <lis('har^e can only be measured on those stretches of the stream 
in which the current, cross-section, and slope have remained unchanged 
during 80 or 40 years, as I have shown to be the case on the Rhine at 
Basle and on the Danube at Old Orsova. 

Now, if we assume that, in order to decide the question whether tlie 
discharge of a stream has increased or diminished, a hydraulic engineer 
is intrusted with measuring it on an unchanging stretch of it during a 
period of 30 3'ears, and assuming also, for the sake of simplicity, that in 
this stretch only those stages occur-— that is, the lowest /e, the medium 
A', and the high — and that he has in the first year executed his trust, 
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and hasfoniidbyacciiiatc nu'asurfuioiitstliat at the selected eross section 
of the stream the di.scliar^e per tse(M)nd at the stage h was M, at the stage 
A' was M', and at the stage was 

Now, if the engineer, after 5, 10, 20, or 30 years Lave elapsed, makes 
similar accurate measuretnents of discharge at the same cross-section at 
tho same three diff'erent stajres. it is evident that, if the ciiiTent, cross- 
section, and slo])e of tlie stream have remained entirely nnchanfred, he 
will tind exactly the same quantities of dischar«je, M, ^^1', and AF, and 
it will be impossible, in spite of these measurements, after a lapse of 30 
years, to determine whether there has been an inoiease or decrease in 
the volume of discharrre, since the gross amount of the latter depends 
npon the duration of the low, medium, and high water stages. 

What has just been said concerniiifr the three stafjes of the water is 
also true of all the variable staj^es of a stream during the whole i)eriod 
of observation, and therefore my assertion that the volume of discharge 
of a stream cannot be determined by measurements at an invariable 
cross-section, when the discharge will dnring the whole ])eriod of obser- 
vation be the same for the same stage of water, but only from the cal- 
culated mean of the gauge readin«rs whether tlie volame of discharge 
has increased or decreased, seems well founded. 

If it is desired, however, to calculate and compare with each other the 
gross volame of discharge which takes place daring two periods of 
about fifteen or twenty years each, the following method, already 
adopted by Mr. Grebenau in calculating the gross volume of discharge 
of the KMiine at Sondernheim from 1840 to 1807, and by Mr. Sasse, 
member of the board of public works in his calculation of the jjross 
volume of discharge of the Elbe at Torgan * fi-om 183 i to 1850, must be 
pnrsned. 

First .of all the carve mast be oonstnieted based upon accurate meas- 
urements at varions stages, and at a constant cross-section, from which 

the dischar<re at any stage can readily be obtained for a second of time. 
Then from the table of gauge readings the exact nuniber of <lays of the 
l>eriod during which each stage lasted, and then multiplying the dis- 
charge M MiMs, &C., i)er second at each stage by 60'' x 60' x 24= 
80,400 seconds, and this prodaet by the number of days of each half 
])eriod of fifteen or twenty years, daring which the stage lasted, and add- 
ing to^^ether all of these sums for each of the two periods, we can learn 
from the resnltino gross amounts whether in the second half of the pe- 
riod of observation the discharge^ has decreased. 

Now every experienced hydraulic engineer must agree with me that 
it is very difficult to measnie the discharge of a large stream at the dif- 
ferent and espeeially af the high stages, also to obtain the correct carve 
from these, and also to make the weary, time-robbing, and tiresome col- 
lection of the same sta-res from the tables of gauge readings taken dur- 
ing a lon^ i>erio<l, and to make the unavoidable rounding otf of those 
that are nearly alike to get them into designated groups, and finally to 
perform the similar time-consamingmnltiplication and addition of colos- 
sal sums, in consequence of which a very busy engineer must intrust 
the labor to an assistant, and that mistakes are very easily made which 
may be ^ixeater than the actual ditference between the gross amounts of 
discharge of the two half periods of observation, an<l actually reverse 
the result, and that on the contrary the calculation of the annual mean 
Stage of the river, as well as the mean of the gauge readings taken dnr- 

*Zeitj4chrilt liir huuwesen vou Erbkaiu, voui .luiir 1*^74. Jdiiruul of Architecture, 
by Brbkam, 1874. 



Digitized by Google 



38 



iiig a long period of time, cau be made easily ami without error from the 
tables of gauge readiogs. 

Under these ciicnmstaiices hydranlic engineers will probably- now 
acknowledge that the result of Grebenau's experience in the measure- 
inents n?ul raloulations of discharge so uumerously made by him, that 
the aritliiiu^tie^il mean fur a long period, calculated from the tabh's of 
gauge rcadiugs, is ueaily identical with that stage of the river which 
corresponds to the mean of the disdiai ge obtained horn measniing l^e 
volume of discharge during that period, is highly imi>ortant, and it is 
therefore easier and more reliable to obtain the mean stage of a river dur- 
ing a long period from the tables of the gauge readings taken during 
that period. 

Now i will meutiou anothei* simple method by which, without the very 
difficult and time^consnming measurements of discharge, even a non- 
professional can calculate the amount of decrease in the discharge of a 
stream during a certain period. It must be here remarked that only 
such stretches and such gauge stations, wliere the current. crf>ss-section, 
and slope of the stream have remained unchanged <luring the whole pe- 
riod of observation, are suitable for reliable calculations of the actual 
decrease in discharge, and I will therefore, to illustrate my method by 
examples, take the stations on the Khiue at Basle and on the Danube 
at Orsova, both of which are fullv suiteil thereto. 

According to the comparison of the gauge readings in tlie annexed 
tabular exhibit iu No. 1, the annual mean stage of the lihiue at iiasle 
decreased on an average during the second half of the period of obser- 
vation from 1809 to 1868 (that is, from 1839 to 1868) at the rate of .114 
inch per annum; that is, an upper layer of water .114 inch thick was 
iliscliarged less eacli year. Mr. Grebeuau, it is true, did not give the 
mean of the annual stage from 1839 to 1SG8, but it will probably be very 
nearly the same as that for the period from 1840 to 1872 given iu ^'o. :i 
as 5.8495 feet, or 5 feet 10.194 inches above zero. If now the mean sur- 
face velocity for this stage is obtained, which can ea^sily be done by 
throwing a nninber of floats into the stream at equal distances apart, 
we can, by multiplying the breadth of the stream by the mean surfa<;e 
velocity and the product by the established sinking iu the height of the 
water surface, L e., .114 inch, obtain the volume of water per second by 
which the discharge of the Rhine at Basle is decreased. All the data 
necessary in order to make the calculations for this case can be obtained 
from the Internationalcn Txlieinstrom-Messnng bei Basel im Novem- 
1)01' isr»7." * It will be found from this scientitic and very thorough 
work that at the stage o' lU.li)4" above the zero of the water at Banle 
the width of the water surfiiee is 728^7^^, and the mean velocity of the 
water on the surface of the stream is 7.4144', so that the decrease in the 
volume of discharge will be 72S.31762'X 7.4144' .00952=40.7071 cubic 
feet per second, and by further multiplication will amount to 1,475,794,567 
cubic feet per annum. 

^'ow^, as the area of the whole vallev of the lihine above IJasle is given 
in the Swiss charts at 35,00(>,00(),(>do square meters— 386,4()8,(»47, 300 
square feet, the foregoing decrease iu the discharge of the Khiue would 

iiuliciite a decrease in the depth of the niinfall 4(^^(14.7^^^" 

.00;{8'= AHrAV [)ov annum. ' ' * 

Now, if we base our calculations upon the tlecrease in the height of 

*Iuteruational raeasnreinentsof'tho Hhineat Basle in NovemlMir, 181)7. These mea. 
urements of the Rhine were UescriWed and publiaUed by Grebeuau. March, 1873. 
Liudauer'ai bookstore. 
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waUn- stafjes diiriiij'- tlie i)erio<l of 10 years from 1857 to 1872, wliicb, 
under the head of No. 2 in the tabular exhibit, is shown to be .7755Cs 
.06463', and take the corresponding dimensions from the work above 

cittMl, /. f'., the stage at 5.3;U4', the width at 659',and the iiioau velocity at 
tlie decrease of the water dnrin;^' the jun-iod will be found to be 
<»r,<r X i\M' X .()IU();V=271).o7():5 cubic feet per second and S.SH>,r)28.0Sl 
cubic feet per anniun. The amount of (hicrcase in the dei)th of rainfall 

8 81() i>''8 *)81 

per annum would therefore be gg^ 047 j(jq=.0228'=.2736". 

It will be shown hereafter how nearly these calculated results agree 

with the meteorological observations. 

Duriufc the second lialf of the period of 'M] years, i e.. from 1S,->S to 
1875, the mean stajie of the Danube at Old Orsova was s.-ji \{V atid the 
u\ eraffe decrease of the latter .0748', as will be seen at No. o4 of the 
tabular exhibit. 

According to the cross-section of the Danube at Old Orsova, taken in 
1873 by SirWawra, chief of the board of public works, and shown on 
Sheet 0, the width of the stream when at this stage was 1,541)', and the 
mean surface velocity, taken, however, at a stage only 3.28071' above 

y.eio, was 2,(187'. 

It is universally known that the mean surface velocity of a stream 
increases with its height, and hence I ascertained by actual measure- 
ments of the velocity of the Danube at different stages between Ofen 
and Pesth, and at a similar cross-section at the foot of Block's hill, that 
when the water rises 4.02' then the mean velocity of the surface cur- 
rent is increased about 1.148'. It can therefore be assunu^d a])i>roxi- 
luately that when the Danube at Old Orsova is at its 8.2110' stage its 
mean sur&ce velocity will he 2.687' + 1.148' =3.835'. 

The decrease in tiie discharge for an annual diminution of .0748' in 
the height of the Stage would therefore be 1.549' x 3.835' x .0748'= 
4:>.218<) enbic feet per second, and consequently 1,362,951,220 cubic leet 
l:er aininm. 

The whole valley of the Danube has an area of 14,420 geographical 
square miles, of which the portion below Orsova contains 4,100. The 
portion above this place then contains 10,320 geographical square miles 

=6,0!)a,d61,254,(i02 square feet. The decrease in rainfall is therefore 

1 'uv> o'li '>''n 

found to be /' -'.^^ there- 

i».(M>o,.)()ljJ,)4,()<)2 

fore durinj»: the whole i)eriod of 18 years, .0480 inch. It is no doubt self- 
evident that this decrease in rainfall was greatest in the mountainous 
regions and on the contrary less on the plidns. 

Reply to F, — In order to remove the doubts and exceptions in regard 
to the correctness of the assertion made by me that the rainfall has 
been decreased by the destruction and devastation of extensive forests, 
T believe it to be necessary, in the first i>lace, to call attention to the 
opinions and treatises on this subject by distinguished experts and natu- 
ralists given in detail in Chapter I, and then to communicate the follow- 
ing explanations and results of my observations. 

It is quite natural that the meteorological observations made in Bn- 
i;land, Scotland, and at Paris, St. Petersburg, and Copenhagen, durinsf 
about 1(H> to IIM) years, di<l not indicate any <lecrease in the volume of 
the annual rainfall, since these countries and cities are situati'd in the 
vicinity of the sea, ami receive the rain clouds, so to speak, from first 
bands. Even if it should appear from the meteorological observations * 
at the ]>rin(;ipal cities of the continent that at these no decrease of rain- 
fall had taken place, this can lie explained by the fact that during the 
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last (lecacles no such extensive clearinfrs as wonhl cause a decrease in 
the volume of rainfall have taken i>lace in tlH'ir vicinities. 

I can jjive only two instances to ]n*ovc that tlici<' lias been a decrease 
in rainfall in those regions, and especially those ol a luouutaiiious char- 
acter, in which large clearings were made, because, unfortunately, iu 
former times no meteorological stations existed in these localities. 

Mr. Adam Seidel, chief forester at Bodenbacb, in the Erz* Mountains 
of Bohemia, made precise meteorological observations unintcrni])tc(lly 
during the i)crio(l from 181*8 to 1S73, the results from which werr revised 
and published by the Imperial Koyal Central Bureau of Meteorology. 
If the observations of ISSiS and 1850, which were incompletely made, are 
eliminated, and then divide the remainder of the time into two equal 
periods of 22 years each, and calculate their arithmetical means, the fol- 
lowing results will be obtained, viz : 

Meteoroiogieal obeenaHoM bg Chief Forester Adam Seidet, at Bodathadi; arranged hy 

BtanMaue KoetKwjf. 



llflMi tCMpenitnre «rf the air di^giv*'* Fahrmilieit.. 

Pramireof Tiipor.... fnohes.. 

Humidity of the air percent.. 

Number of davH of rain..... ... 

Depth of rainfiiU 



Annual maaii. 








D«»ri«'«Hii 






from 18r.-2 


1829 to 


1832 to 


toim. 


1851. 


1873. 




47.68 


47.22 


0.44 


0.2m 


<K2874 


0.0118 


84.6 


82.1 


2.5 


IM 


145.8 


12.2 


3&286 


38.974 


Las* 



^ 

These results sub.stantiated the fact that in the monnttiinons regions 
at Bodenbach a decrease in the pressure of the vapor, relative dam])- 
ness of the air, the number of days of rain, and the depth of rainfall 
has taken place in the latter period of 22 years. 

The annual decrease in the depth of rainfiill amounted to -^ff^^ 0.057 
indL 

Hr. Plantanmur, the director of the meteorological observatory at 
Geneva, also has shown that a decrease of rainfall has taken place iu 
the Alps, lie found, namely, in the latter i)eriod of 14 years, from 1801 
to 1874, in compari.son with the preceding jieriod of 20 years, on the St, 
Bernard, at a height of 8,116.5 feetj an incre-ase of temjHjrature of O.72o 
F., a decrease in rainfoU of .008 inch, and iu snowfall of about one- 
half, t. from 32.8 to 15.03 feet. For ( ieneva a comparison of the last 
11 years with the i)receding period of 35 years shows an increase iu 
tcmpeniture of 1.134^ F., and a decrease in the rainfall of 3..'> inches, 
and therefore an annual decrease of = .o inch. These changes, ac- 
cording to the oi>inion of Plantamour, are due to the contraction or 
decrease in the size of the glaciers which has been observed during the 
last 12 years. 

Kow, as we found in the ])r(K*eding parairrnph. in my rei>ly to from 
the decrease in the height of water stages, tiiat there was an average 
annual (1c( l ease in the depth of rainfall in tlie valley of the Khiue above 
Basle during the period from 1830 to 18(W of .oioG" and during the 
period of 16 years fiom 1857 to 1872 of .2730", the similarity of these 
results, obtained from an entirely different source, to the decreavse of 
rainfall in the mountainous regions at Bodenbach and Geneva is sur- 
prising. 

* Ore. 
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Several countries in Europe have, nnfortnnately however, only since 
the lant few years established meteorological stations in the forest and 
mountain rotj^ious, and after the lapse of several decades it is hi^^lily 
probable that they will show the same decreaEie in rainfall as at Bodeu- 
bach and Geneva. 

CONCLUSION. 

As I now believe that I may assniiie that my theory in regard to the 
decrease of water in s])rin<]:.s and riv<TS, annonnecd in 1S7^{, has been 
established as a lixed iaet by niy discussion, and then by the tabular 
exhibit of observatious at oii stations on 13 rivers, and iiually by the 
abundant opinions and thorough treatises of naturalists and experts 
given by me, I take tiie liberty of making the most earnest request of 
my readers and eolh^aiiiK's that eaeh may labor in his own S]ihere, 
80 that the hi<>her f^oveinnients, authorities, corporations, land-owners, 
and communities may tiually be convinced of the nuniberless disad- 
vantages and dangers our present cultivated countries are approach- 
ing, if a limit is not sec to the lltrther devastation and destruc- 
tion of forests, and that it is imperatively necessary to cany out, as 
rai)idly as possible, the ]>recaunons and nieasnres recommended in my 
treatise of 1S7.5, and which have been also warmly ajjproved by other 
authorities, ajid thu3 prevent, as far as it yet liesiii man's tield of labor, 
the calamity of a still further decrease of the water in spiiugs ana 
rivers which threatens future generations. 

Finally, 1 take the liberty of saying?; to niy esteemed readers that I 
am rea<ly to furnish (iheertully all the data and n^sults which 1 have 
collected, and all the books and pamphlets which have been published 
beaiing upon this subject, for the examination and use of all such gen- 
tlemen who intend to still more thoroughly investigate this hydraulic 
question. 



fNoto })y the tijui.slator. ] 

In making the fore^oinj; translation, 1 have attemptecl to make it tuj 
literal as possible, and yet make it fairly ijitelligible English reading. 
I have used the word ^^raiuMl'' to indicate that term of the au§Lor 

which literally translated would be ^'aqueous atmospheric precipita- 
tions," and wliich includes rain, snow, hail, tlew, v^c. 

I have also changed all the metri(' measures and ceutrigrades into 
American measui'es and degrees of Fahrenheit. 

G. WBITZEL, 

Major of Engineers^ 
Brevet Mt^-Gmeralf U. 8. A. 

4 w 
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